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PREFACE. 


Having on former occasions attempted to introduce 
our readers to the Earth as it is, in our Becreathnt in 
Phytical Geography^ and to the Earth in its former 
COTiditimi, in our Seet%ation$ in Geology^ it is our 
present design to invite them to cultivate some 
acquaintance with the Wobu> of Watkrs. In this 
undertaking, our attention has not been limited to 
the consideration of the laws of Hydrostatics and 
Hydraulics, nor yet to a description of the more re- 
markable hydrographical features displayed in the 
Natural World, but it has been our endeavour so to 
combine the two subjects, that their connection may 
be clearly exhibited, and that they may thus fend to 
illustrate each other. Such being the plan of the 
present work, it will be obvious that it became neces- 
sary to select some appropriate name, some compre- 
hensive term, expressive of the range of our subject 
matter. We have accordingly been induced to adopt 
the title. Recreations in HrmioiiOGT. But, lest any 
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Bhoald be amrod bj the technicality of this name, vre 
have added the prefix of The World of Waters; 
not, however, without some hesitation; because the 
vastness of the theme implied by the latter title, leads 
ns to feel that in the limits we hare here assigned to 
onrselTes, it is impossible to do justice to so mighty 
and BO highly interesting a subject. 
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HYDROLOGY. 


CHAPTER I. 

IRIBODUCTORT REMARKS. 

Water may unquestionably be regarded as one of the most 
remarkable as well as most important substances in nature. In 
selecting this valuable material^ and the laws by which it is 
governed, for our present subject of consideration, we therefore 
feel confident that we are preparing for our readers a source of 
mental gratification, which, if not debarred &om the natural 
supplies surrounding us on every side, will expand into a copious 
stream of important and highly interesting knowledge, forming 
a tributary to the ** great Ocean, Truth.” 

The extreme utility of water is so apparent even to the 
most superficial observer, that it may appear almost superfluous 
to dweU on this point. All are aware that this fluid is ab- 
solutely essential to both animal and vegetable existence ; that, 
if supplies of water are even temporarily withheld, all nature 
languishes; plants droop and wither, anim^ become feeble 
and dispirited, and, if subjected to long-continued drought, all 
organized beings perish*. 

The value of water as a nutritive or alimentary substance 
may thus be con^dered as extending to the vegetable as well 
as to the animal world ; to the lowest as well as to the highest 
inhabitants of the terrestrial globe ; to the hyssop on the wall 
as well as to the stately cedar on the mountains of Lebanon ; 
to the monas and to man. There are, however, other important 

* Some exception to this general rule appears to be presented by the pre- 
servation, in the dry mud of lakes and ponds, of certain species of animals in 
an inert state, and their restoration to vigoar on receiving new supplies of 
noistrae. This, however, can scarcely be regarded as an exceptimi, fot water 
is evidei^ essential to thdr performing any of the functions of lift. 

B 
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and lugUy nsefol purposes to which this liquid is applied, 
which are more or less dependent on the exercise of the intel- 
lectual fEUSulties. Such are its use in varioaB arts and manu- 
&ctureB; its application as a motive power; and finally, its 
adoption, when occurring in large bodies in the form of rivers, 
lakes, and seas, as a medium for the more rapid or more advan- 
tageous transport of goods or persons from one locality to 
another, and thus, in many instances, affording the means of 
establishing an intercourse between distant regions of the globe, 
which, but fi>r the &cility with which water is fraversed, would 
he for ever separated frw ,each other, and debarred from the 
bcuefits arkiag from the interchange of productions^ and the 
ftogjfm of ^vilization.^ 

The use of water for the latter purpose, and the consequent 
construction of vessels, rude indeed, but nevertheless not ill 
adapted to the purposes for which they are derigned, may 
be observed to prevail amongst almost all barbarous nations 
inhabiting the borders of the sea or of navigable rivers; and it 
is a fact worthy of notice, that nations so situated, are usually 
{bund to be more intelligent and further removed from bar-^ 
harism, than those which reside in the interior, and have not 
the same motive to exert their skill and employ their mental 
&culties. This has been especially observed by Captain Fitzroy, 
In reference to the natives of Tierra del Fuego, and by Captain 
Beechey, with regard to some of the Esquimaux tribes inhabit- 
ing the western shores of Norih America. Striking proofs aru 
these of the beneficial results accruing from incitements to 
industry, which may tend to rouse man from his natural 
indolence, and thus call forth his energies. Tribes or nations 
00 placed have also usually more frequent opportunities of 
intercourse with neighbouring tribes or nations^ than which,, 
p a rb apa, nothing has a greater tendency to forward the progresq 
of civilization. The circumstances most favourable for the 
ndwmee of knowledge,~>and in thhi^ may be included every 
deaoription of art and science,— will indeed be those which lead 
to |be establishment of fre^ |iM;ercourse among nations, and 
when ooah has the opportunity afibrded it of profiting byf 
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flM taints arttmg from ^ usefiil hnrentioBi nd lal&i«8fc 
diflsOfBTMS of its iielghb^^ 

Trade te the good j^iTiiefani giree ha hebiis; 

Oiree dhteiigg eordieb to toe afSicted heert; 

Oirea to toe wealtoj, deUceciee high; 

And whoi toe I^est di^ilajs in jost diecoune 
HiK) toe all-wise Creator, and dedarea 
Hta Wiadom, Power, and Gtoodneas tmeonfined, 

*TU Trade, atbeadre yaystga, who SUa 
His lips with aiguments. 

It will be readily seen, that in our ao o »g ir t idand, it is scdely 
by water oornmnnioation that we can obtain these adrantagoi; 
and we may further add, that it is by such means akma, by 
the interchange of knowledge, and by the experience of oenturiea^ 
that ship-building has attained the perfection to which it has 
been carried in this and some other conntries. It is true that 

The glittering slup, which hath toe plain 
Of ocean for its own domain, 

does not belong to onr present inquiry; bnt rinoe the laws by 
which floating bodies are goyemed, will engage some of cnir 
attention, it will be evident that even this is not wholly uncen* 
nected ydth our subject. And we shall readily perceive, that 
although constructed in the rudest manner, and without the 
artificer being aware of the existence of any established law^ 
the coracle of the ancient Briton, and the canoe of the Indian^ 
no less than the superb man-of-war, must be formed on prin- 
ciples in accordance with the fundamental laws of hydrostatics* 
It has just been stated tliat Water is not only one of the most 
important, but also one of the most remarkable substances la 
natore. The more detailed explanatioa of tlids obsermfion 
must be reserved for a fiiture page; at present we shall ooatcnt 
ourselves by calling attention to one remarkalfle featore, namdlyy 
the circumstance of its occurring in three forms, $olid, Ufdi, 
and or, in other terms, as ke, water, and vapofur: 

Tariati<ms dependent mainly on a greater or km degree of tern* 
perature. Water may be conridered as the natural or nscidd 
state of tiik substance; ice and vapour, Inri mem eaperiafliyffta 
famm*, aa ineidestil dba^ges In its eoaMien; lee^ aiiineip^ 
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evidently acting an important part in the economy of nature, 
not appearing to be absolutely essential to the continuance of 
the earth in its present condition. The various phenomena 
presented by vapour, or atmospheric moisture, on the other 
hand, appear to be so intimately connected with the existing 
order of things, and with the well-being of the present inhabit- 
ants of the earth’s surfi^e, that we cannot suppose their con- 
tinued existence, without that of water in its aeriform as well 
as in its liquid state. 

Such being the importance of water, we sh^ be led to 
expect that the wise and beneficent Author of nature, who 
** cheated the earth to be inhabited,” will have provided an 
abundant supply of so valuable a substance; and, accordingly, 
we find that the quantity of water on the surface of the globe 
is proportioned to its utility, this liquid being one of the most 
universally diffused bodies in nature. To the subject of its 
extreme universality, we shall have occasion again to recur; 
and with regard to its abundant diffusion, we need only remind 
the reader of the vast expanse of the ocean, the waters of which, 
independent of rivers, lakes, and other smaller collections of 
water, occupy nearly three-fourths of the surface of the terres- 
trial globe. Thus, the whole area of the earth’s surface being 
estimated at 197,000,000 square miles, the space covered by the 
ocean is computed to amount to 144,000,000 square miles, and 
that occupied by the land not to exceed 53,000,000 square 
miles. 

It may well be supposed, that a consideration of the phe- 
nomena presented by so remarkable a substance as water, and 
of the laws by which it is governed, must form a subject of 
great interest : it also includes much of extreme utility ; and 
this, not only in a scientific point of view, but also in the more 
ordinary daily occupations of domestic life. The literal meaning 
of the term Hydboloot is *‘a discourse upon water;” such b 
HiB object of the present undertaking ; and our endeavour will 
be ^ form, not a dry scientific treatise, but, whilst placing 
Mbre our.readers some sketch of the laws of hydrostatics and 
byAmUea^ not to confine our attention to pumps^ and dstenis^ 
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and hydraulic engines, but rather, as far as our subject will 
admit, to select our examples from the natural world. We 
shall subsequently be led to take a brief review of the most 
remarkable phenomena presented by water on the sur&ce of the 
globe, in springs, rivers, lakes, and seas ; a branch of our science 
which may be distinguished by the term Hydroffraphy^ The 
phenomena of vapour or atmospheric water, belong to meteor- 
ology, rather than to hydrology: on this point we shall there- 
fore limit our notice, to such remarks as bear more especially 
on our present subject of consideration. 


CHAPTER IL 

THE CIRCULATION OF THE WATERS OP THE OLOBE.-^OMFOSITION 
OP WATER. — ITS FLUIDITY. — ^PECULIAR NATURE OP WATER. — 
ITS universality; and IMPORTANCE. — ATMOSPHERIC WATER. 
—SPRING WATER.— HARD AND SOFT WATER. 

^<To whatever department of physical science our remarks 
have extended,” observes Dr. Roget, ‘‘we everywhere meet 
with the same regularity in the phenomena, the same simpli- 
city in the laws, and the same uniformity in the results:— all 
is subordinate to one pervading principle of order.” In no 
department of natural science is this pervading principle, this 
regularity of the phenomena, simplicity in the laws, and 
uniformity in the results, more evidently and strikingly dis- 
played, than in the beautiful circulation of the waters of the 
globe. 

The ocean, which has been aptly termed the “well of foun- 
tains, the pond of the world,” forms a vast reservoir, from 
which supplies are drawn to water and refresh the whole of 
the dry land. This is effected by the simple process of eviqK>- 
lation. From the surface of this great expanse of water, 
moisture is continually ascending in the form of vapour. This 
vapour, which is lighter than common or atmoi^herio air, 
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EHWsioihe h^est limits <»f tlie atmoif^Kere, aiid pemd^ ft 
tliroTiglumt its whole extent, a certain portion bdzi|^ ahraji^ 
present in the atmoi^ere. The air, however, will not hold 
above a certain pcntion of vapour (the quantity varying with 
the temperature of the air), and when vepoor is in excess is 
the atmoi^here, it either descends to the ground in the form 
of dew, or OoUects into clouds^ and is carried in those ^ light 
and fleecy magazines’’ over the surfoce of the globe, again to 
revint etwth in the form of nun, hail, or snow, and ultimately 
to return to its parent ocean. Of the water which thus 
descends to earth, only a small quantity, however, returns 
directly to the sea, the greater portion having an important 
part to perform in the economy of nature, ere it is permitted 
again to repose in the bosom of its mighty parent. Thus, to 
one pari is assigned the task of imparting moisture and conse- 
quent fertility to the land ; another part enters into the com<^ 
position of animal and vegetable bodies; whilst another sinks 
into the earth, through porous rocks, or through crevices, and 
there accumulates, forming subtezranean reservoirs of water. 
These subterranean reservoirs give rise to springs; and no 
sooner do these springs make their appearance on the earth’s 
suifoce, than this portion of water may he regarded as com- 
meatcing, with what speed it may, its return to the ocean. The 
conjunction of q>iings, aided, in most cases, by the occasional 
Edition of rain-water or snow, forms brooks or rivulets. 
Tlieae streamlets soon unite with others, until rivers are 
formed, of various degrees of magnitude. These, after dispens- 
!i^ innumerable benefits to the inhabitants of the districts 
fiirough which their course lies, in the greater number of 
instances eventually flow into the ocean, once more forming a 
portion of the mighty deep, until the water is again evaporated 
foto the atmosphere, to pass and repass through the m.™ 
<^68 of perpetual circulation " 

This perpetual circulation of the waters of the globe is not 
law remarkable than admirable, from its peculiar and beautiful 
adaptation to produce the beneficial effect of preserving water 
In a pure atate^ a result highly important^ if not absolutely 
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to iniiiBtiinliig Hhe keaUh «£ to ntoil %<nld. 
W«tor, from its Uxidmsy to npoa Tarious sabstoiitoi^ and 
mtor to unite witii, or to hold tom in solutioniiseeiitinually 
•abject to lieooxne cmopted and unfit for to puiposei of lifr. 
By to process of erapotatioii, heweTor, water rises pure and 
untainted from to soipliureous iqiring, from to salt ooeBQ| 
and from to stagnant ditch ; again^ perhaps^ to rest upon to 
learth in to form of to purei^ dew« Theadvanti^aoeruiiig 
frxnn this circumstanoe, whether to man or to to whole natozal 
worlds are beyond calculation. Thus^ with regard more eepo* 
dally to man’s benefit, to &ct of water readily combining 
with various substances, imparts to this liquid its value in to 
greater number of arts and manu&ctures, and also renders it 
available in culinazy and other processes, not only as a megna 
softening aod preparing food, but also for its cleansiiig pro- 
parties, without which our plates, and dishes^ and saucepanii^ 
would not present a very gratifying aspect. however, to 
•oiled water which had ton used tor cleansing these and such 
like artoes, were to rise into to atmosphere impregnated with 
grease ; or, to take a leas extreme case, even if sea-water were 
to ascend from to ocean, charged with saline matter, and aa a 
necessozy cmuequence, if rain-water and dew were imbued with 
these or any other equally deleteious foreign ingredients 
alas, for vegetation! alas, fbr ourselves! in a very short space 
of time to whole face of nature would be chan^, to beau* 
tifril trees and herbs which adorn this terrestrial globe would 
disappear, and man himself would perish. 

This beautiful circulation of to waters of to globe may dao^ 
perhaps, be considered as to means appointed by to Author of 
nature, for securing to peixnanency of so important a substance 
as water. For it is evident, and this may be considered as one 
of to remarkable features of this liquid, that, amid all the 
changes and revolutions which have occurred on to earth’s 
surfrce, water has maintained to same characteriatiea tot it 
exhibits at to present day. This drcnmstance has been 
town by to recent invesUgatioiia of seienoe, and more espe* 
eially by those ef geology; for it appears thi^ water, beiiing 
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tti memWanee to ihat^^ our rim^ lakes^ and lOas^ 
Mst have existed during the remotest geol<^eal ^oehs. 

is proved by the Tarious pbenomena exhibited by stnti- 
fied rocki of all ages, these being either formed or modified by 
aqueous action, and In some instances by the agency of ice. 
Geology also informs us that animals and plants difikring from, 
but bearing a close analogy to, those at present inhabiting the 
terrestrial globe, have at all those periods tenanted the land or 
the water. And it will be eiddent that neither of these classes 
of oi^onized beings could exist without the same valuable 
liquid, which is now absolutely essential to the welfare of their 
living prototypes. 

We may, therefore, reasonably infer that then, as now, 
rain fell from above, springs issued from the ground, torrents 
dashed down the rocks, and rivers traversed the plains ; that 
tranquil lakes existed, and that an ocean both flowed into 
estuaries, and spread its deep salt waters round clusters of 
islands. And, yet further to confirm this interesting conclu- 
sion, optical science has lent its aid to geological research, and 
by the discovery in a perfect state of preservation of the eye of 
the trilobite, (an extinct species Of Crustacea, inhabiting the 
ocean during very ancient geological periods,) as well as that of 
other animals belonging to intermediate periods of geological 
histoiy, physiologists have been enabled to trace in these 
fossil remains the same modifications of sight as in the living 
Crustacea.” These results,” observes Dr. Buckland, prove 
the ancient condition of the sea and atmosphere, and the rela- 
tion of both these media to light ; for in those remote epochs, 
the marine animals were furnished with instruments of vision 
in which the minute optical adaptations were the same, as those 
which impart the perception of light to the living Crustacea* 
The mutual relations of light to the eye, and of the eye to 
light, were therefore the same at the time Crustacea first 
existed at the bottom of the primeval seas, as at the present 
moment.” It thus appears evident that the primeval seas 
and^the atmosphere, must have been similarly constituted with 
those of the present era; and accordingly we have an incon- 
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testible pioof of the antiqnify of water, presenting gunil^ y 
phenomena with those exhibited by the water at present so 
bonntifdlly suj^lied on the &ce of the globe, and without 
doubt passing tl^ugh the same perpetual and beautiful circu- 
lation. And thus, although we may not concur in the opinion 
of Thales, that water was the origin of all things, we cannot 
but .conclude that, beautifully adapted and needful as is this 
liquid to the existing order of things, it can have been no 
less so to organized beings in the most remote periods; and, 
therefore, In the beginning,” when ^ God made the heaven 
and the earth,” He also created the waters. 

But permanent as water appears to be, it is capable of 
decomposition. It was, nevertheless, long considered as an ele- 
mentary or simple substance, and it was reserved for our coun- 
tryman, Cavendish, to prove, by direct experiment, its precise 
composition. Water is found to be composed of two gases^ 
oxygen and hydrogen, in the proportion of one volume or balk 
of oxygen, to two volumes of hydrogen. The relative weights 
of a volume of oxygen and one of hydrogen, however, difosr 
greatly ; hydrogen being the lightest known body in nature ; 
whilst a volume of oxygen is sixteen times heavier than a volume 
of hydrogen of equal bulk. And, accordingly, although the 
proportion in bulk of the hydrogen is greater, its relative weiffAi 
is eight times less than that of the oxygen, the consequence of 
which is, that a minute particle of aqueous vapour is, bulk for 
bulk, lighter than oxygen gas. 

Independently of their ultimate subdivisions into elementary 
parts, all bodies are capable of the most minute subdivision. 
In solid bodies, these minute particles are naturally fixed and 
immoveable ; but in water, and other fiuids, these parts are per- 
fectljf moveable among one another by the slightest partial pressnre. 
And thus, if we immerse the finger in a glass of water, the 
water yields to the pressure, however gentle it may be. The 
motion thus imparted to a limited portion of the water, or to a 
certain number of these minute moveable particles, is also 
transferred to aU other parts of the mass of water; and aocmrd- 
ingly we find that the whole of the water in the glass becomes 
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to4ill # 9 !^ itpcribi^pt xi^lyii^diiiiiiottjr wton^^odi 
lot It It sttppoaed to oimo £mk tlM oIiMit tsM ohwMo of 
finetioii» wotor boa^coQoidered to ooMiotof.iboolko^.of iii« 
^iltdlj oBiall, (EOM>otl^ aad q^hexml pia^iok^ ^ 
and equal weight or qpfe|fle^raol(|^ whiok more fteeiy amoag 
eadi other. Oa aocount ^ their aaoothneaa they aap* 
poeed to slide readily owv <»i6 another, whilst their i^hsri- 
chy preraita them hxmi tooohing one another in more points 
than one; and by both these qualities their hdetionis^rendered 
the least poasiUe. Accustomed aa we are to regard water as an 
entire, though yielding substance, its divisibility, and the per* 
lidct freedom of motiem among its particles^ might at first sight 
appear contzaiy to what may seem the evidence of our senses; 
and yet we have proofs of this divisibility daily presented to 
our own observatioi], in the process of evaporation. If for 
instance, poor a little water on a marble slab, we are well 
aware that in the course of a greater or less period of time, the 
liquid will be dried up or evaporated. But, let us inquire^ 
what becomes of the water? How does it take its d^arture 
from the slab? Do we see it ascend into the air of the apart* 
ment, quitting the marble slab in a body, like a bird ora 
butterfly? Assuredly not. Bat what does become of the 
water? All we can reply (according to the evidence of our 
senses), is, that the water is gone, we know not how or 
whither. The fact is, that the particles of water are so minute, 
that they are imperceptible to our vision; and, consequently, 
as the water is evapoic^ or dried up, they (being as we have 
just seen lighter than common air) ascend, and float in the 
room, without our being omiscious of their presence. These 
minute separated particles of water constitute what is termed 
aqueous vapour: and water is formed by an aggregation or 
aolieetimi of these particles, which are kept together by the 
law of nature^ called the ixtiracHon of cohesion. 

In water, this attraction is far less powerful than in solid^ 
the ooaseqoence of which 1% thal^ although under particular 



tlusattcactoiOMei^a^ tb« a^Biite pAiiiekt om left ftee to 
difl^me thooMelTee in all ^aotbaa. That iho attacti^ of 
oio^aioa ii aandi ksa HBrabk m mdUr than hi aolidalB erideBt 
by the dxcimiataiioe of the water evapoia^Dg from the marbla 
idab ; for, were it otherwiae, dther the water would remain as 
permanoat as the slab itself at the latter would gradually die- 
appeal^ With regard to the subject of our preseirt inquiry^ 
water>-- the attractive force has noi sufficient power to retahl 
the minute particles on the outer edge or surfiice of any 
of the fluid; these are therefore continually flying off, thus 
giving rise to the phenomenon called evaporation. As long an 
the particles are kept t<^ther by this attractive forc^ so long; 
do they constitute the fum^dagtie fluid called water; but t^ 
moment the attraction ceases, and they are dismgaged and flee^ 
the same moment do they change their character, and become 
transformed into the eUt^ fluid tenned vapour. 

We have Bern that the attrsetion of coheskm m dependent 
on certain oemditions : one of the most important of these ia 
temperature. In water, the attraction of cohesion is greatest 
at the temperature of 40^ Fahrenheit; or, according to the 
recent investigations of Professor Stampfer, of Vienna, 38^ 
which would make it a degree and a quarter lower. Be this 
as it nmy, it appears evident thi^ at the particular temperature 
at which the particles are drawn nearest together by the attrae* 
tive force, at that temperature, will the liquid be the most 
dense; and thus, b^g more compact, it will be of smalkr 
dimensions, and its weight or specific gravity be greater. 
As the temperature is augmented, the minute particles bemg 
less closely united or drawn together, the liquid becomes lighter: 
and thus, if heat be applied at the bottom of a vessel, the water 
in that part will become specifioalty lighter, (»r, in other tenn^ 
it will be lighter, bulk for bulk, than it was l^fbre, and than 
an equal bulk of the cold water in the upper part of the vessel* 
Now, as it is a general law, that all heavy bodies will, if th^ 
have fiieedom of motion, sink to the lowest possilde plm theiy 


13ie fiiet of the interchange of the particles of water when 
heat is applied at the bottom of a vessel may be verified by a 
very umple experiment. Having procured a common glass 
phk4 let us first pour into it a small portion of water, to which 
we have previously given a sufficiently deep tint, by mixing it 
with indigo or some other colouring matter. Let us now fill 
the phial with clear water, pouring the latter in with so careful 
a himd, that the coloured water may remain as a distinct mass 
or band, at the bottom. Let us now insert the lower end of the 
phial in a cup of hot water; and as the water becomes heated, 
we shall see the portion of the water in the upper part of the 
phial descend, and change places with the coloured water, with 
greater or less rapidity, according to the degree of temperature 
we may apply at the bottom of the phial. It will be readily 
seen that a similar effect will be produced, whenever a kettle 
filled with cold water, or, indeed, with water at any temperature 
below the boiling point, is placed upon the fire. 

One great advantage arising firom this interchange of the 
cold and Trarm portions of water from the top to the bottom of 
a vessel, is the rapidity with which waiter can in consequence 
be heated: a circumstance, which, we may all know, is of no 
small importance to the comfort, and even not unfrequently to 
the well-being of man, especiaUy in cases of severe and sudden 
illness. But, in order to warm water with rapidity, heat must 
beiipplied to the lower part of the vessel; for if, for instance, 
the hot water were to be applied at the top instead of at the 



bottom of mir tlio portom of water whicli would becon^ 
heated and oonseqamitly Iq^ter^ being/ in this case^ in the 
upper pert of the phial, would, instead of descending and thus 
changing places with the water at the bottom, yet more deter- 
minately maintain its posiiion at the top, and the water at the 
bottom of the phial would only become heated by a rexy dow 
process, called that is, the commimication of heat 

from particle to particle; and as water is a bad condnctor of 
heat, (a circumstance of extreme utility in the natural world,) 
a considerable length of time would elapse before the whole of 
the water would become equally heated. 

When aqueous vapour ascends into the atmosphere, it 
assumes, as we have seen, the form of an elastic fluid, and 
becomes dispersed over all parts of the atmosphere. By some 
process, perhaps . not yet frilly explained, but evidently in 
great measure dependent on diminution of temperature, the 
particles of aqueous vapour unite, and again become visible, 
either in the form of steam, or in that of mists and clouds : and 
further, when a large number unite, and become condensed, 
they fall to the ground in the form of rain, hail, or dew ; thus 
again appearing as water on the surface of the globe, once more 
to pass through the same processes of evaporation and conden- 
sation, though perhaps in a different hemisphere. 

We have seen that the density of water is affected by tem- 
perature, and that it attains its maximum or greatest density, 
at a few degrees above the freezing point. Now, it is a general 
law that all bodies, in every state of aggregation, whether solid 
or. liquid, expand by heat, and contract by cold. To this 
general law, water forms a very remarkable exception. Like 
all other bodies, this liquid, as we have seen, contracts with a 
decreasing temperature, until it reaches that of about 89° Fah- 
renheit, or about 7° above the frreezing point of water. Having 
arrived at that temperature, however, instead of following the 
apparently general law, and decreasing yet further in its dimen- 
sions, it, on the contrary, b^ins to expand; and this gradual 
expansion continues until congelation occurs, when, at the 
moment of frreezing, a more sudden and comdderable expansioii 
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takes place. The dexisity or specific gravity of keiacoiiseqTieiattly 
decidedly less than that of water at the tenapentiixe of 99^; and 
aQoordingly, ice will float on thesarfiMse of water at that tempera- 
tore. ThespecificgraTitycwweightofwaterat39®beii^reckoiied 
at l*ooo» or m/U^y that of ioeat 82^ does not (acoordmg to recent 
experiments by Osann) exceed 0*980, or a little more Ihan nine- 
tenths of the specific grapty of water. This observation, how- 
ever, only refers to water at that particular temperature, for at 
higher temperatures the specific gravity of water will be lessened ; 
and according to Professor Johnston, the point of temperature 
at which water acquires the same absolute magnitude as at 32^, 
IS about 46^. Water above that temperature will therefore be 
lighter than ice, which latter will of course no longer float on 
the surfiM^. 

Although its importance may not at first sight be apparent, 
the peculiarity in water above noticed, in which it exhibits a 
departure firom the general law of nature, leads to eflects so 
obviously wise and beneficial, that it aflbrds one of the strongest 
and most impressive of those endless proofs of derign and 
watchful providence whidh present themselves on dl rides to 
the attentive observer of the works of nature. Indeed, as Dr. 
Frout has well observed, ^^the importance of this anomalous 
property of water is so great, that it is doubtful whether the 
present order of things could have existed without it; even 
though everything else had remained the same.” *^For in- 
stance,” he continues, ^ were it not for the compaaative lightness 
of ice, this solid, instead of beginning to be formed at the surface 
of water? would have begun to be formed at the bottom, as the 
ecflder water, &om its specific gravity, would natundly have sunk. 
For sknikr reasons, the lower stratum of ice would have been 
the bst to have melted. How, let us reflect for a moment on 

consequences of such an arrangement. In the northern, 
•sri even In temperate climates, the bottoms of all lakes and 
4wp«irf>a» would have been a mass of ice, and totally inacees- 
iiUs tiierelhiw toorgaiiise^ During the smnmer, a fbw 

Jut «f the upper part of the ke would perin^ have been 
Mllsd; Imi wfast little had been melted in summer, would 
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agtin lurre beoonte solid winter; md as tlie aoeonau- 

lations of iee would haTo been constant all the seas^ e^en 
perhaps to the toopioai climates, least at their boitoms, would, 
long before this time, have been a mass of ke!” Dr. JE^ut 
then pcoeeeds to show, that in consequence of the ihore anoma- 
lous laroperties of water, not onfy is all this STil prerented, but 
much that is beneficial accomplished; for not a particle of ice 
can be formed on a lake or other collection of water, until the 
whole mass is cooled down to about that is, until the 
whole mass has acquired the greatest density or specific gravity, 
Tvater is capable of attaining ; for, nintil this is efiected, the 
warmer particles will continue rising firom the bottom, and 
prevent the formation of ice. The cooling down of the liquid 
in such a collection of water, is effected in a manner analogous 
to the heating the water in our phial, only by an opposite pro- 
cess; that is, by the application of cold at the top, instead of 
heat at the bottom, the one, like the other, caumg an inter- 
change of particles to take place, although with less rapidity, 
until the whole becomes of equal temperature. ** If the depth 
of the water be considerable,” further observes Dr. Front, ** the 
application of cold may be long continued, without the result 
of freezing!; hence in this and other countries not intensely 
cold, it often happens that deep lakes remain unfrozen during 
the coldest winters.” 

We have made some dight allunon to the extreme uni- 
versality of water; and upon further inquiry, we shall find 
this assertion vmfied, for in ftct, almost wherever we turn in 
the natural world, there is water, acting an important part, 
although perhaps not always obvious to the superficial observer. 
Thus, (as we have already seen,) water is always present in tha 
atmoi^here. It forms the chief ingredient in the animal solids 
as well as fluids ; so that that even a bone, when '^stilled, 
jri^ds a certun portion of wi^r. The sap pU^ts Is^fbund 
to consist of Water, mucilage, and sugar, with wme saline paN 
ticks; but the principal ingredient is water. ^Ev^ the most 
eompact rocks,” observes Ifo. LyeQ, be regarded, before 
they have been exposed to the air, and dried, in ^ l^of 
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sponges filled with water.*’ We thus find that our liquid forms 
a constituent part of the atmosphere which surrounds ' our 
globe; of all the organized beings which adorn its surface; and 
even of the rocks which exist in the interior of the earth. 
Obvious as the importance of water must be to all, its extreme 
value as a beverage to man can, perhaps, be only fully appre- 
ciated by those who have at some period endured a privation 
iinm this truly inestimable liquid. Accustomed as we are, in 
almost every part of these favoured isles, to abundant supplies 
of good and wholesome water, it is by no means impossible that 
we may sometimes overlook the greatness of the blessing thus 
accorded to us, and use it from day io day, and from year to 
year, without entertaining any adequate notion of its real 
importance in this respect. A recent traveller, on his return 
to this country, after having traversed desert tracts, found 
nothing so striking as the profusion and negligence with which 
water seemed to be lavished ; an article which he had been in 
the habit of guarding, as the most precious of his provisions. 
Few of us, perhaps, ever experienced real thirst; and it may 
be difficult for those who have not, to form any idea of the 
sufferings endured by those who are exposed to this privation; 
whether in crossing the parched and sandy desert, the broad 
savannah, or the briny ocean. AD water, as is well known, 
is not equally adapted for use as man’s beverage: and not 
only is sea-water unfit for this purpose, but salt springs and 
salt lakes occur in many parts of the globe, the waters of 
which are quite undrinkable. And perhaps we cannot picture 
to ourselves a more pitiable situation for a tiaveUer to be 
placed in, than, when wearied with a long journey across an 
arid desert^ and fainting with thirst, he arrives at the margin 
of ja lake, and instead of meeting with wholesome fresh water, 
he finds its waters saUne and whoUy unfit to drink. Yet it not 
unfi^equently occurs, that in sandy deserts the lakes are of this 
description. And even in less arid districts, the want of good 
water may be little less diatressmg; for in the latter case the 
trttfdler is more unprepared to meet the evil; and how great 
mast be his disappointment on arriving at spring after spring. 
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to find the water bniokiili, and unfit finr use. Sudi, howeTor, ^ 
Mr. Schombuzghk fi)and to be the case in the aayannaha of 
British Guiana. The mariner also^ whilst crossing the watery 
main, may be exposed to a similar state of distress if his suppliw 
of fresh water are exhausted; and surrounded though he may 
b^ by the waters of the m^hty reservoir by which the whole 
world is watered and refreshed, he is in danger cf perishing : 

Water, water, ereiywhere. 

But not a drop to drink. 

^ Hui^;ry and thirsty, his soul fainteth within him;” and 
although aware of the fa^ consequences likely to ensue, he is 
at length perhaps driven to the fearful alternative of seeking 
to allay his thirst by drinking the saline waters of the ocean* 
Oh, who can sufficiently estimate the value of a little fr^esh 
water at such a moment, and under such circumstances! 
How highly would the poor fSEunting mariner prize manya 
portion of water which we too often inconsiderately use^ or 
even heedlessly waste ! Let us not, however, be misunderstood 7 
we do not design to infer that what appears by such contrast 
to be wasteful is, in fact, reprehensible ; far ^m it ; for our 
economy in thb respect would not alleviate the sufferings, or 
supply the wants, of the perishing mariner. And, since in this 
happy land God hath given us this blessing frreely to enjoy, 
let us not scruple to take full advantage of it; but let us n^e 
ourselves acquainted with its uses and properties ; and whilst 
considering its beauty and its value, let us receive the boon 
with feelings of admiration for its adaptation to the benefit of 
man, and with gratitude to Him who so created it. 

We have pictured to ourselves the mariner and the traveller 
almost perilling for want of water ; let us conjure up a more 
grateful scen^ and behold them receiving supplies of fredi 
water. From that vast reservoir, whose waters it is almost 
worse than death to drink, pure water has risen by eviqnua- 
tion, it has ooUected into cloudy and lo, these bottles of heaven 
are opened, and they pour down gratefril supplies for the poor 
pariidiing mariner ; his strength is renewed, and he is mbled 
to reach ^ the hav^ where he would be.” Let ns again plo* 

0 



i ot a saline Jake, si^poae him to beiKdd a distaat 
u fine stream under an j dzeuntttanoes preaeaig a bean* 
'^nd attractiye object, but how incalculabl 7 must these 
be enhanced when the traveller is idmoei penshii:^ 
L want of water 2 With what delight and enthusiasm did 
^uiehell, whilst travelling in Southern Afirica, when he had 
been compelled from the want of that all-important article, to 
proceed with distressing rapidity over a vast expanse of the 
parched and desert karroos— with what delight did he hail the 
beantiM river Gaxiep 1 And cold, indeed, would be that heart, 
which in such a moment did not experience some emotions of 
gi^tttde to the Giver of all good. 

We have seen that evaporation acts a most important and 
beneficial part in the natural world, by raising water fresh and 
purified into the atmosphere, from whence it again descends, 
io water and refresh the earth. But although by this means 
sufficiently purified for every purpose for which it is designed, 
water in its natural state is never absolutely free from some 
Joreign ingredients. Atmospheric water is the purest form in 
which this liquid exists ; yet even this is usually found to 
•ooniain some extraneous matter. According to the observe* 
Hons of Mr. Mallet, rain water, when firesh fallen, frequently 
contains one-fifrh of its volume of oxygen ; and Dr. Daubeny 
mentions that carbonic and muriatic acid, as well as various 
salts and earthy compounds, have been detected in rain watei^ 
besides a peculiar organic matter to which the name of 
rhiue has been given. Snow has been found to exhibit traces 
ci x|^uriatic acid and of an organic colouring matter, whilst 
1^1, ammoniacal salts have been observed ; and dew has 
flibown vestiges of nitric and muriatic acid. It is remarkahk 
tjiat in hoar frost no ugns whatever of extraneous matter 
llfkve hitheriodieen found. Besides the above-me^i^tkmed. sab* 
nickel, and manganese bave been detected in 
quantities in atoospherio water; and it has been 
lj|PP|d tiiit ^ IsU of lain briigs to the gm 
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Ibreign Ingredients wMdli are contained in the atmosphere of 
any particnlar locality where it may descend. W e may^ there* 
fore, expect that rain or snow, Mling <m a remote and unin- 
habited mountain top, will be more pure than that collected in 
the yicinity of manges, or of populous districts. 

Since it appears that atmospheric water is not wholly j&ee 
&mn extraneous matter, we shall readily suppose that spring 
water is by no means absolutely pure; and in j&ot, the water 
of springs usually abounds with Tarious salts, as well as earthy 
and other ingredients. 

Common spring water has been found to contun between 
four and five parts in a hundred of its bulk in gas, of which by 
far the largest proportion consists of carbonic acid ga^ and the 
remainder of atmospheric mr. Besides these gases, spring 
water contains yarious salts in greater or less proportion, ac- 
cording to circumstances, and to the nature of the beds or 
StAta, in which they take their rise, or orer which their course 
lies. The principal salts met with in spring water are muriate 
of sodfi^ muriate of lime, sulphate of potassa, sulphate of lime 
or magnesia, carbonate of lime, and sometimes carbonate of 
soda. The saline contents of good spring water generally yary 
£rom a three^thousandth to a six-thousandth part of the whole. 
Springs of this description are termed goft, and answer well for 
culinary and other domestic purposes. When the solid ingre- 
dients exceed this ratio, the water becomes hard, and is less 
fitted for cooking or for dissolying soap, in proportion to the 
excess of extraneous matter it contains; and when this is 
in great abundance, it become wholly unfit for domestio use^ 
and forms mineral epringe. 

The purity of water is an essential consideration in many 
processes of the arts, and it frequently is a matter of no 
importance to the manufrcturer, to be aware of the quidity of 
the water he employs, according to the nature of the works in 
which he is engaged. Chemistry, and chemical analysis^ here 
render him great asristance; for, by becoming acquainted 
wiUi the peculiarities of the extraneous matter, oentamed in 
the water of the ipthig, erstma, by whudi his mannfrctoijr 
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H'Sappliedy lie may avoid much loss and disappointment. The 
^Hi^nixture of earthy salts, of neutral salts, or of. metallic salt, 
recording to the preponderance of the one or the other, will, in 
many processes, not only alter the power of water as a solvent, 
^hut pr^uce essential changes in certmn substances when they 
are dissolved. Thus, water afiects vegetable colouring matt^ 
by means of the salts which it contains ; and it is therefore 
important that the dyer should be careful in his selection 
of water, and employ for some purposes that which is soft, 
clear, without smell, and does not curdle soap ; whilst for 
others, hard water is preferable ; the latter being especially 
adapted for dyeing red and other colours that require astrin- 
gency. Pure soft water is also essential to the proper pe^• 
formance of the process of bleaching ; for hard water (that is, 
the salts hard water contains) will decompose, and unite with 
the soap used in the process ; and the oily earth thus formed, 
will adhere to the piece of goods, leaving a yellow stain difficult 
of removal. 

The astringent properties possessed by hard water are not, 
however, without their use, rendering it available for many 
economical purposes. Our readers may probably have observed 
the effects of this astringency, when washing the hands with 
soap and hard water; it being this peculiar quality of the water 
that causes the skin to contract, and renders the hands liable 
to be chapped, more especially in cold weather. A similar 
'contracting effect is produced by hard water on the fibres 
of vegetables;, a property which is of great importance in 
bleaching linen; for, although in that process, soft water, as 
we have seen, is essential to render the linen beautifully white, 
hard water, nevertheless, performs a very important part ; for 
soft water would leave the fibres lax ; whereas the linen, by 
being thrown into hard water after its washing with soft 
water, acquires a peculiar firmness which adds much to its 
value. It is upon this principle that laundresses immerse 
muslins and cotton goods in pump water after washing. 
u ^ fountain water’s cold contracting wave,” is also of 

peeuliariitility inmany manufiuitazes. Thus, hard water alone 
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is applicable for the mamifaeture of starch. The hardly, 
water is preferred by maisons for mixing mortar. Hard water 
is also requisite for making gypsum into the substmioe called 
plaster of Paris; rain water not being applicable for this 
purpose. Hard water is also important in the manu&cture of 
earthenware; and it is said that a peculiar sort of hard water, 
Strongly impregnated with saline matter, is used in the porce- 
lain manu&cture in China, which, from its peculiar propertiei^ 
is supposed to refine and improTe the kaolin, or p<»celain earth. 

The choice of water is a matter of considerable importance 
with the brewer, for, in some instances, the different saline 
substances water contains tend to improve the beer, whilst in 
others they injure both its colour and its taste. And hence 
the same brewer with a similar supply of malt, cannot produce 
an equally good beer in all parts of the kingdom. Thus, the 
Derby malt, which is much used in Lancashire^ is found to 
make better beer in that county than in Derbyshire ; and it haa 
been supposed that this difference is attributable to the caiHbo- 
nate and sulphate of lime contidned in the L a nc ash ir e waters. 
The river Trent has long been celebrated for the excrilence of 
the ale made from the water of that river ; Burton, Nottingham, 
and the other towns situated on its-banks, being noted for the. 
superiority of their malt liquor; a circumstance which is 
eonsidered to arise, in some degree at least, from the calcareous 
nature of the strata through which the course of the river 
Trent lies, and the consequent presence of carbonate and sulphate 
of lime in its waters. 

For making bread, on the other hand, hard water is wholly 
unfit, for it is found to impede fermentation, and the bread is 
in consequence less wholesome. The purest and softest water, 
therefore, makes the best and lightest bread, and it accord- 
ingly becomes a matter of paramount importance, that bakers, 
should be careful m the selection of the water they use. 

The object in the culinary application of water, is either to 
soften the texture of animal and vegetable matter, or to extract 
from these substances some of the soluble parts, and present 
them in a liquid fonn. Pure woit water is &r better adapted* 
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iwl)i0tii these p« 3 ?po 6 es than Ji^ end for boiling rneat^ 
p^if^ter is idso preferable, as it is liable to be reddened and 
Cbeolonred by the salts contained in hard water. Bat on the 
ether hand, hard water is of singnlar nse in dressing fish ; and 
the well-known superiority of crimped cod arises from the nse 
of hard water, which acts upon the substance in the same 
maimer that it does, as we haye already seen, on the vegetable 
fibre of the flax, and also on the human skin, that is, by 
cansing contraction*. 

In cooking vegetables, likewise, the dioice of water is very 
important, owing to the difierent effects produced on their 
texture by hard and soft water. Thus, green vegetables 
and pulse, lose both their colour and their consistence, ^ 
bdled in soft water, whereas, if boiled in hard water, the 
eolour is much better preserved, and the texture less altered* 
If, however, we wish water to act as a solvent, as for instance 
In making soup, and extracting the vegetable aroma, as well 
m the animal juices, the purmt soft water will be by fiur the 
most suitable. 

Similar instances might readily be multiplied; but those 
we have adduced will suffice to show, that attention to tiie 
dhdosures of stience may be of great utility, not only in arts 
and mamiflietares, but even in the most ordinary domestie 
concerns. It may be thought that some of these applications 
cf wfientific researdh refer to subjects of minor importance; 
mti perhaps hi tome reipects they are so; but we cannot 
regard them as wholly valueless, for we do think that in what- 
cm we ibga^«— whether it be to prq)are fi>od for our table; 
io hddtin oir -else impart colour to the materials for our gai^ 
ments; to ftthom the depths of the poean, or to raise our 
mhids to ihb most abstract contemplations ;-^we do think that 
%^ithotild be our endeavour to aoeompliidi our object in the 
hestposaildematmir; to aim at perfection; not to sufierthe 

^ * Tbe mods in which this is effisoted is yerj simple; the QA ig merely 
mSib dices end placed in odd herd water for about an hour. It oogfa^, 
howewe. to be hofied ako in h^ri water, and in that oaae it will 
midhirjnMnre its wliitaieaa,eiidpoMiaa leoiarWa fkmam of teston. 
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&culties and powers with which we hare been endowed to 
dumber in apathy, but to employ them, as &r as in us lies, 
in developing the good qualities of dl that surrounds us. It 
is true, indeed, that, if folkwed with the view solely to our 
own gratihcation, almost every pursuit may be regarded as of 
minor importance ; but if with the view to promoting the 
comfort or advantage of others, and the glory of the Creator^ 
then let our occupations be what they may, so long as they 
are suitable to our station in society, we may thus become 
useful in our generation. And further, we shall find that 
Phydcal Science, or, in other terms, the Study of Nature, mSL 
throw a halo round otur pursuits, and win exalt and givea new 
interest to the most ordinary occurresioes of daUy life* Nothing 
will appear insignificant; for in everything on wMch we 
bestow our attention, we shall he able to trace the constant 
of the laws given to nature by natnije’s Lono ; and in mall 
as well as in great matters, we shall find oontinually inereaaiiig 
proofs that the whole universe, and every individual poitiaii 
of it, belong to one grand connected plan, designed and guided 
by one All-wise and Almighty as well as AU-boimtifal Being* 

Go! and Bat to the foaming lea, 

Gloriona in its monotony; ' 

Go ! and look at the atardit aaoll, 

Which the high haaTona to earth aoiolll; 

Go! to the monntaina, fiv they be 
Prom and for eternity. 

Aak them where ia ^eir Makar-^wheref 
£yery one dball answer, ** Here !” 

Wonld'st thou know more, the ooean’a roar. 

The starry sky, and the mountains high, 

' ifrinaUitpiT — 

^ Wisdom, 1^, and pewerr 
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CHAPTER m. 

WUID HATintX OB WATBB.-OIIS OOIlPBaKIBlLITT.— SncmO 
><u OXATITT OF VATIB, ARO OISW •UMIARCEI.~IA»W OF 

' anoiFio oBATmib 

Ito oidtt Ibit nay mm feSly ooiapnhe&d the brntRUi 
ad i j tt i ttett ^'fte ‘mtew <^'the to the part 11t«^ «fe 
•ii||ilrii1NrllMt k lh« 

ftm Bome aeqii&iiiteiiM 

bfijr m gflifmied ; on in^jiiixjr Brldoii wffl ndl oet^ 
Img: hiSite our ootisideRitio& tlie nature tills lenuttkable 
but will also afford a satlsfiuH^oiy explanation of many 
pbenomena, either of continual occmrence in the natnral 
world wldoh snmmnds ns, or which may present themselves 
to onr notice, in onr own daily and more familiar nse of iMs 
ijeantiM and Idghly important fluid. 

Water belongs to a class of bodies which^ as we well know, 
ate termed fluids. Fluids are of two kinds, usually distin- 
glididied as elaslk and non^lasHe. Elastic fluids include atmo- 
spheric air, the various gasas^ and vapour. Non-elastio fluids 
comprise water, oil, ipirit, quiclmilyer, &c. The terms elastic 
ind non-elastic must, however, be received with some reserv- 
aSoD, far, in fact, all fluids have some degree of elasticity; 
and perhaps the terms eapmuwe and non-expansive may^more 
ectr^y and more clearly indicate the different nature of the 
two des^prions of fluid. 

Expanrive or elastic fluids, are remarkable far thfo ten- 
Aancy to ipread themselves or expand in all directions. Non- 
lotpansive, or non-elastic fluids, or liquids, on the other hand, 
liai^ in their natural state, no tendency to enlarge thdr 
volitme, or expand, without the application of heat. As an 
ifinrtration of the diflerence between expansive and non- 
m^anrive fluids let us suppose the following experiment to 
be made. We first procure an air-tight vessel, capable of 
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ocaitaiiiing a pint of air, water^ «o con- 

atnioted that it can be enlaige^^ pleasare to the dimennons' 
;ef a quart, withont the admiadon of any additional quantity 
of fluid. Haying flUed thia ye«el, whilst at its smallest 
.^iEUmendons, wiUi atmospheric air, (which we are aware is an 
^ elastic fluid,) if we, wilhout admitting any additional air, 
extend the yessdl to its largest ciqMcity, the enclosed dr will 
instantaneously expand and completely flU Iheenlaiged yeasel, 
m that the portien of air uddA pi^eyimisly the tgtm 

of a pint, will now ooenpy tbai ^a 
taadBy si^eied* tiuit tl^.m^ans^^^ 

to .l^hat pfSTtifiular iiisiihu%Jk^.,tl^ iShie nnne^'phiini^^' 
menon wei^ t4se,|teQ% wm treJlt,plW 
thoTMlao thitit di^uIdemddN^ ^j^^ 
were to lepeat the eiperfaaent with t^rdsii^ 
m^ansiye fluid, we wdl Ipmw that the result 
diflereat. The of water, insteed of eapaiilaig ie ^ 
dimensions of a quart, and Ailing tY&j part of the yessdt' 
would remain of precisely the same size aa when it oociq[ded' 
the smaller yessel, and would not rise to a higher level than 
that at whidi it previously stood. 

Water is veiy cUfficult of compression; a dicumstance 
which gave rise to the assumption of its absolute inomnpres- 
sibiiity: but, in fimt, all liquids are in some measure oomh 
pressible; and it appears that the degree of compressibility of 
any unifonn fluid (that is, auy fluid which is of similar com- 
position in all its parts,) varies as well with the temperatnre 
as with the denuty. 

The erroneous opinion of the non-elasticity of water, arose 
from the extremely small degree to which the compressibility 
of this fluid can be earned, by any force which we can employ, 
compared with the efiect which may be produced by the same 
force in oompresting air. This erroneous opiniem of the abso- 
lute incompressibility of water, was considered to be confinued: 
by an experiment made at Florence in the year 1650. A 
quantity of pore water was introduced into a lioUow aphere of 
gold, which was seleoted as t^ deanest and most eomp«»t 



The experiment was r^>6ated some years afterwards in tiiis 
mmtiy by Mr, Boyle, but with a sphere of pewter instead of 
gcdd. The blow of a wooden mallet beat the pewter globe 
* flat, and the Tesael being then pierced with the point of a small 
nail, the water immediately sprang up to the height of two or 
three feet. Hie cause of ihis jet of water was not at the time 
understood, and it was erroneously oonridered as a confirma- 
tion of the opinion of the incompressibility of water, whereas^ 
in fiict, the ^uting ferth of *^6 water, although it showed 
that water was capable of susUdning an immense pressure 
without undergoing any sensible diminution of rolume, proyed 
that some cmitiaotion had taken plaoe, fer the water w^d not 
atherwise have been thus forcibly ejected. 

fSabsequent experiments by Canton, and yet more recently 
by Perkins, Oersted, and others, have fully established tim 
oompreetilnlity of water, and aasigned the amount of compres- 
rion to which: it is subject. The experiments made by Mn 
Canton were yery timide, but quite deettiye. He obseryed 
the height at which rain water, preyiously well boiled to 
axjpel the air, stood in a glass tube es^oeed to the pressore of 
ttm ntmoq>here; this being conadered as equal to feurteen 
pounda. Haying remoyed the air from the tube, by means of 
an air pamp, he then fennd that the water rose in the tube ; 
a iiiwainstwiiwi which proyed that the we^ht of the air must 



hsrTB c ompr eaB o d the irater, and it to oeonpy a muSQat 

ipaoe. The aemovnt of cra^nMion wai ibimd to be one part 
in 22,000; certainly a vaiy minute diminution in its Tolume; 
yet sufficmt to prore that water does possess some degree fk 
elasticity or compressibility: of such small amount, howerer, 
tiiat in the application of this liquid to all practical purposes, 
it may be considered as incompreadble, or inci^pable of being 
pressed or squeezed into a smaller space when confined by 
external pressure, than it occupies in its free state. The recent 
experiments of Professor Oersted, of Copenhagen, have con« 
finned those of Canton: for, according to Profrssor Oersted^ 
« the true oompressibiliiy of water k about fiirtynsix millionths,** 
a result agreeing very closely with that of Canton's experi- 
ments. The professor also agrees with Mr. Canton, that the 
oompressibility 6r elasticity of water is not so great in l%h 
temperatures as in lower. 

The experiments made by Mr. Perkins on the compressi- 
bility of water were carried on in deep water, instead of under 
the pressure of the atmosphere, like thoee of Canton and Oersted. 
It had long been remarked, that when a bottle filled with fresh 
water, and tightly coriced, was plunged to a great depth in the 
sea, on rairing it again to riie suifece, the water in the bottle 
had acquired a salt taste: from whence it appeared, that the 
omk: must ^ye beeu forced in, whilst the bottle was under 
water, and that the sea-water had gained admissim With the 
tiew of ascertaining how fer, under such circumstances, the 
cork was forced in, Mr. Perkins constructed an instrument, 
which consisted of a stout hollow cylinder of brass, water-tight, 
and frumiriied with a moyeable rod at the top, paaung throngh 
an apertoxe in the latter, made air-tight and water-tight. To 
tile top of this piston-rod was appended a i^iiring-ring, so ar- 
ranged, as to remain fixed at any p(^t to whidb the rod should 
be fiirced downwards into the cylinder, and which, ^herefere, 
would perfenn the part of an index, marking thb tiiange in 
hulk of the fretii water, and ccmsequently, its^ctopressibility. 
Ha?ii^ filled the cyhaider with water, Mr. Perkins 
the i^pazatiia into the sea, ubA on ita bring wiihdnwn, the 
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mdex itng was found to stand eight inches high on the piston- 
Tod. From this experiment^ Mr. Perkins inferred that the rod 
had been forced eight inches into the water in the cylinder 
when at the greatest depth. The prwnre of the superincumbent 
sea-water upon the piston-rod was estimated at about 1300 
pounds; and Mr. Perkins calculated that the water had been^ 
compressed one twenty-seventh part of its bulk. According to 
Some recent experiments made by Captain Smyth, a bottle, 
filled with fresh water and corked, had the cork forced in, at the 
depth of about 180 fathoms below the surfoce. In such a case, 
the foesh water is found to be replaced by salt water. Some- 
times the cork is inverted, but has always been found to return 
to the neck of the bottle. 

< Although we may not have it in our power to make such 
experiments as these, and to emulate the philosopher in proving 
the exact amount of the compressibility of water, we may 
readily convince ourselves by actual observation of its elasticity, 
and ^erefore of its compresribOity. This is displayed in the 
well-known and common play cidled ducks and drakes.’’ A 
stone being ri^ilfuUy thrown in a nearly horizontal direction 
agdnst a sur&oe of water, the stone will be observed to rebound. 
Now, if water were wholly inelastic^ the stone, however judi- 
ciously thrown, instead of rebounding, would fell as (food flat 
upon the water as upon a mass of moistened clay. Water, 
therefore, must possess some degree of elasticity. This may 
also be proved by yet more simple experiments. Thus, fet and 
butter are wholly inelastic ; and if we throw a lump of fat or. 
butter into a plate, neither of these substances will rebound : 
but if, with equal force, we pour water into the same plate, 
it will rebound or sparkle up from the plate. We may also 
prove, by another equally simple experiment, that, although 
water is more elastic than &t or butter, it is not so elastic as 
vome other substances. Glass is a highly dastic substance; 
ittd we shall find, if we pour water from some little height into 
a l^bss vessel (a tumbler or wine-glass, for instance), if the 
latter be dry, the water will rebound briskly, and fiy about in 
all direotkms. however, the glass vessel be partially filled 
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widi water, and we then pour water from the tame h^ht and 
with e^ual force, we ahidl perceive, that although the water 
does still rebound to a certain extent, it is with considerably* 
diminished violence ; and this difference may be considered as 
indicating the different degrees of elasticity possessed by the 
«two substances. It also proves, that although water is not so 
elastic as glass, it is not wholly inelastic. We may also add 
that in the latter experiment, the degree of elasticity possessed 
by water appears to vary with the temperature, this being 
greater at low than high temperatures : a result which coincides 
with the observations of Professor Oersted, on the compressibility 
of water at different temperatures. 

Fluids, as well as all other bodies, possess specific or 

hm a tmdcM^ to press downwards: and the more dense any 
substance is, the more forcible is this tendency. This tendency 
to press downwards, arises from that grand law of nature by 
which all things are held to the earth’s surface. We have seen 
that the particles of water are held together by an attractive 
power called the attraction of cohesion : the law to which oipr 
attention is at present directed, and which is called the attract 
tion of grwoitaitiony is quite distinct from the former ; the one 
acting at a distance, the other only when parts are in imme- 
diate contact; the one acting on all bodies, the other only on 
bodies bearing certain relations to each other. 

Let us pause a moment to consider the nature of the law of 
gravitation. ** Each particle of matter,” observes Professor Aiiy, 
attracts every other particle. That is, if there were a single 
body alone and at rest, then if a second body were brought 
near it, the first body would immediately begin to move 
towards the second body; just in the same manner, if a needle 
is at rest on a table, and if a magnet is brought near it, the 
needle will immediately begin to move towards the magnet, 
and we say that the magnet attracts the needle. But magnetic 
attraction belongs only to certain bodies; whereas the attract 
tion of which we speak here, belongs to all bodies of evei^ 
kind: metids, ear^ Hmda, and even the air, are equally sab- 
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ject to its influesiee. Nor u it eozifiiied to the teiostdidf lob^ 
the earthy in its tuniy is attracted bj the sunysnd the beantilal 
order in which the whole solar system is maintained, isy by 
gravitation, this grand and univennl law/’ 

This power of attraction is in proportion to the mass of the 
body: that is to say, a large maai of matter has a much greater 
power of attraction than a smaller one. As the earth is by far 
the largest mass of matter in its immediate vicinity, so it neces* 
sarily follows that the inhabitants, and all things upon the 
earth’s sor&oe, will be attracted towards it. And since the 
earth is of a spherical, or nearly spherical form, and conse^ 
quently the deepest part, and, therefore^ the greatest mass, in a 
line from any point on the earth’s sur&ce, will be the centre 
of the earth: so we shall find that all bodies fiilling to the 
earth are drawn in a direction towards its centre ; and thus^ if 
we let a stone drop firom our hand, it will take an exact and 
unerring course towards that point ; perhaps, indeed, slightly 
modified by a small opposing force, which it ^s not necessary 
here to take into account. 

If the inquiry be made, what has universal gravitaticm to 
do with our present subject? our reply is, much, very much; 
for it is this attractive power that holds the waters in their 
place on the surface of the globe. We have seen that the 
attraction of cohesion draws and unites the minute particles of 
water together, and causes them to form one liquid. The 
attraction of gravitation draws them individually and colleo- 
tively downwards to the earth. Owing to the perfect mobility 
of the particles among one another, eadi particle is&eetoobey 
the attractive influence ; and the ordinary and well-known dr- 
cumstance of tb^ flowing do wnwaids of water, may be regarded 
as an evid^ioe afiats ready obsditnce to the universal law* 
And not oifly ja Ibe ^;Of water the result of gravitation, bnl 
tht level sarfty . jt esanmes is likewise dependent on the sunt 
for, (cdlowing other o^ssditionB to be similar,) owing to 
thtjpcgfict molality of the particles of water, each particle, in 
any^MlT of that liquid (unless impeded by some dMide,} Is 
ai|le,toaio?i%ieaato|^a^ gt the same sslidf ve dldisBoe 





fgaa. tibe eaith’s centre^ as mch other pariide. And from 
beoee it follows that in all. parts of the globe the waters of the 
ooean^ when they pp sseae a- &ee cornmnnioatian, ha^e the 
none general lerel— enbject pohepcf^ however, to local witf 
tioBs arising from local canaag, bmt sufficiently umfonn frr the 
Iml of the sea to \m used as the standard, from whmoe the 
elevation of land is measured in all parts of the earth’s surface* 
But although water maintains a general level, we must remem- 
ber that, owing to the curvature of the earth, and to this vezy 
law of gravitation which attracts all things towards the earth’s 
centre, no body of water will be perfectly flat; a remark which 
applies as well to small bodies of water as to the expanse of 
the ocean; though, in the former case, the deviation from the 
plane or even surface is ao small, that it is not evident to our 
senses* 

But what is the cause of this powerful and all-pervading 
attraction? The wise^ philosopher can as little assign tha 
cause as the rimplest child* The only answer which can be 
made is, that it is a law givm to nature by the all-wise and 
omnipotent Creator* 

▲s ifdls a spanow to tha ground, 

Obadient to His will, 

B j tha sama law those globes wheel roond, 

Each drawing each, yet stOl all Stand 
In one eternal ajstem bound. 

One order to falfil. 

Various frnciful hypotheses have been suggested with a 
view to accounting for this remarkable power: and some 
writers have even gone so |ur as to attribute the mutual 
attraction of matte to a soif df kindred affiwtkm and har« 
mony between the parti c l e a* But this is^ in fret, only patting 
the effect for the cause; for the law of the attraotton ef gi»« 
vitation does not arise from the harmony cf .frit k 

productive of that harmony* It k the bond ol aariDn of att 
nature; and if we seek frr,and would find tewidenae of 
love, it must not be in the partkks of Tnatte| hut In ihaf 
unseen but Alnughiy Being, who hath cdkd partwiea 
) existence, and who^ wi A the happiiwai 
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in i3ew, hath fbnned the whole universe, and imparled this 
wcmdei&l power to matter. And although we may not be 
able% £athom the cause of this attractvm--to ascertain why 
onelipiass should attract another— we shall not the less be 
struck with admiration at the beautiful adaptation of tiiis law, 
to the^ovemment not only of the terrestrial globe, but of the 
whole universe. 

Let it qwak 

The Maker*! high magnificence, who built 
So spacioue, and hia line atretched out ao &r, 

That man may know he dwella not in hia own; 

An edifice too large fitr him to fill, 
liodged in a amall pardtion, and the reat 
Ordained for uaea to hia liord beat known* 

To return to the subject of gravity. All bodies, as we have 
already seen, possess specific gravi^, or have a tendency to 
press downwards. As this tendency to press downwards arises 
£rom the attraction of gravitation, all bodies resemble each 
other in this respect; and if the resistance of the air, and other 
oppoung forces, were removed, large and small stones, lumps 
of lead, and even feathers, would fall the same number of 
inches in a second of time ; but where there is any resistance, 
a large stone will press with much greater force than a small 
one. It is, in fact, this downward pressure which causes the 
feeling of weight in the hand, or the balancing downwards of 
a pair of scales; and it is the amount of this pressure which 
forms ihe weight or gravity of a body. 

It further appears that where resistance is encountered, as, 
for instance, that of air, water,^c., every species of substance 
. has a fixed degree of gravity,l|Aendency to press downwards, 
peculiar to itself: this is called its specifi/c gravity, and is in 
such eoni^ant relation to the volume or bulk of the individual 
i^ciea, that when it is once known, we may rely upon this 
measure as a standard of the purity of the specimen. Thus, a 
sq^uare or cubic inch of pure gold, always weighs the sam^ 
]im the same specific gravity, as another cubic inch of the 
sMiji metal if equally pure; but if mixed vdth an alloy of 
tin wd eoppw, its wnght would vary aooordliig to the pro* 
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portion in which these metals had been added; and in many 
cases, the adulteration of various substances has been detected 
by this test, which is therefore of great importance, not only 
in scientific researches, but also in a mercantile point of vifw. 

Substances similar to those of whose genuineness we are 
desirous of making trial, cannot, however, always be procured, 
and very rarely, a mass of equal dimensions. Some other mode 
of ascertaining its specific gravity must therefore be adopted,-- 
some other substance be fixed on, which can be conveniently 
procured, and which may serve the purpose of a standard 
weight; and in accomplishing this, we must compare its 
weight, with that of a fixed bulk of the substance whose specific 
gravity we are desirous of ascertaining. When we have once 
determined this, we shall at any future time, if we wish to 
repeat the trial, know what bulk of our standard weight 
will be equivalent to any particular bulk of the other sub- 
stance. As a convenient general standard for this purpose, 
pure water, that is, either rain or distilled water, has been 
selected : this substance being of all substances, the least liable 
to change in its density ; neither does it differ in any part of 
the globe; and it may also generally be readily procured; at 
least in all paiis where such experiments are likely to be 
made. This, however, must be done at one fixed temperature, 
for the density of water varies with its temperature; and 
accordingly, that of 60° Fahrenheit has been chosen for this 
purpose, at which temperature water ranks as unity, or l;ooo. 

The mode originally adopted of obtaining the specific 
gravity of any substance, consisted in immersing the body 
in water, and accurately obscl^kig the amount of water dis- 
placed, and then weighing the latter against the substance 
whose specific gravity was required ; water, as we have just 
Sjsen, being considered as l*ooo. In this mode of proceeding, if 
we immerse a xnass of pure gold, of any given size, in water, 
we shall find that it weighs nineteen times and some fractions 
(or parts of a thousand) more than the water ; its specific 
gravity is therefore thus expressed, 19*250* Gold in this state 
ii^ lM>wever, too soft and ductile for general purposes^ and 
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Aoeordingly^ the standard coim^ gold is alloyed with one-mnth 
jMfft of copper, the specific graThj of which is less than that of 
gold, and thns it becomes harder and fitter for use, hut its 
specific gravity is lowered to 18*000, that is to say, a sovereign, 
or other mass of standard gold, is eighteen times heavier than 
an equal bulk of water. Now, a sovereign ought to weigh 
fidwts. grs. ; and if a counterfeit coin were to be made of an 
alloy of tin and copper, but havii^ its surfiwe overlaid with 
a coating of gold of sufficient thickness completely to deceive 
the eye by its appearance, and even the ear by its sound, if 
rung ; and if still further, in order to compensate for the light- 
ness of the alloy, a little additional thickness were given it, so 
that it should possess the weight of a standard coin, and that 
by ordinary means, the imposture might scarcely be detected ; 
yet, if the specific gravity of this counterfeit coin were taken, 
the deception would at once be evident ; for, when compared 
hulk for bulk with water, its specific gravity would periiaps 
not much exceed 8*ooo. It is in this manner th^ the purity 
and consequent actual value of the precious metids can alone he 
ascertained. 

This method of obtaining the specific gravity of bodies, dates 
its origin from the time of Archimedes. Hiero, king of Syrar 
cuse, is said to have employed an artist to make a regal crown 
of gold, for which purpose the monarch furnished hhn with a 
sufficient quantity of that metal. When the crown was finished, 
its weight was found to equal that of the gold provided for it ; 
but the king having reason to suspect that some adulteration had 
been practised, was very desiroiis of ascertaining the truth, and 
accordingly applied to Archkn^es for the means of detecting 
the fraud, should any such have occurred. That philosopher 
could not for some time devise any means by which this could 
be effected, without injuring the crown. At length, however^ a 
casual observation he made, suggested to him the means he 
might adopt to solve the question. As he was stepping into a 
bath, he noticed that the water rose in proportion to the bidk of 
tmh portions of his body as were soccessively irnmarsed in tiie 
fifaid; and reflecting on the cimumtaaei^ it occuned td him 
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that a body of eq^oal bulk or siae with bimsdfi would raise the 
water in tke same degree^ though a body of equal weighty if ef 
vnaller uze^ would not ; he at once applied this (d>8ervation to 
the solution of the question respecting Hiero’s crown, and 
sprang out of the bath, exclaiming, haye discovered it! 
I have discovered it !” He th^ procured two masses of metal 
of equal weight with the crown, one formed of gold and the 
other of silver, and having filled a vessel with water, he 
plunged first the one and then the other mass of metal into the 
water, carefully noting in each instance the quantity of water 
that was displaced and flowed over. As he had anticipated, he 
perceived that the mass of silver displaced a larger quantity 
of water than the mass of gold, the specific gravity of silver, 
even when pure, not exceeding 10 * 474 , whilst that of the mass 
of gold which Archimedes used on this occasion, may be 
supposed to have been about the same as our standard gold, or 
nearly 18*000. The philosopher then repeated the experiment 
with Hiero’s crown, when he found, that although it displaced 
a smaller quantity than the mass of silver of equal weight, it 
displaced a larger quantity than the mass of gold. It thus 
became evident that Hiero’s suspicions were not unfounded, 
and that in fact the gold of the crown had been adulterated ; 
a result which that monarch could not otherwise have obtained 
without melting the crown. 

This mode of determining the specific gravity of bodies 
is not, however, applicable in all cases, and instead of mea- 
suring the bulk of the body whose specific gravity is to be 
ascertidned, it is usual to observe the loss of weight sustained 
by the solid, which is a more exact mode of proceeding ; and 
ihe specific gravity of fluids is obtained, by weighing a certain 
portion of the fluid in a bottle, against an exactly similar bulk 
of water. Thus^ a phial containing 1000 grains of distilled 
water, would hold 13,598 grains of mercury, and not more than 
792 grains of pure alcohol ; and accordingly we find that the 
specific gravity of water being l*ooo^ that of mercury k 13*499^ 
or rather more than thirteen and a half times as mu^ as wateiv 
whilst that of alcohol k only 0*700 or 792 parts of a thousand* 
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Or to express the same thing in other terms^ a cubic foot of 
water weighs 1000 ounces, and consequently a cubic foot of 
mercury would weigh 13,598 ounces, and a cubic foot of 
alcohol 792 ounces. 

In chemistry and mineralogy a knowledge of the specific 
gravity of bodies is essential, for the purpose of proving the 
purity, and even in some cases the identity, of various substances. 
Thus, the mineral called the cubic sulphuret of irony and that 
called cfystalUzed bright cobaUy are so nearly similar in appear- 
ance that the nicest eye cannot distinguish them with certainty ; 
but the specific gravity of the first invariably ranges between 
4*600 and 4*800, and that of the latter between 6*800 and 
6*600 ; so that if tried by this test the one cannot be mistaken 
for the other. The strength and purity of spirits, and of the 
acids, as also of various solutions and infusions, can be ascer- 
tained solely by obtaining their specific gravities. Sulphuric 
acid, for instance, is capable of being adulterated in such a 
manner that, without any material alteration in appearance, 
it may vary considerably in strength ; but its specific gravity, 
when pure, is 1*840, and if tested in this way any adulteration 
may be readily detected. 

The specific gravities of fluids are most 
usually obtained by means of a hgdromtter. 
There are various forms of the instrument so 
called, but the hydrometer in most general use 
in this country is Sykes’ hydrometer, of which 
a representation is here given. This consists 
of a thin brass stem, d, about six inches in 
length, passing through and soldered into a 
^ hollow ball. A, of the same material, about an 
inch and a half in diameter. The stem ex- 
tends about an inch below this hollow ball, 
and to the inferior or lower extremity of this 
portion of the stem is fixed permanency a pear- 
shaped weight, b (other weights being provided if required for 
denm liquids.) The use of the hollow ball is to cause 
the iBstrument to float, so that, when immersed in any liquid 
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the upper extremity of the brass stem will rise perpendi- 
cularly above the surface, and on this portion of the stem is 
marked a scale of degrees. The instrument will of course 
sink in proportion to the weight attached, which must be 
regulated by [the observer, according to the known specific 
gravity of the liquid which is to be tested. And, since the 
weight of the fluid displaced by the ball, or any floating body 
of known size, is constcmt, or, in other terms, not subject to 
vary, it follows that, if the liquid on which the experiment is 
made be pure, the instrument will invariably sink to a certain 
depth, which will be indicated by the scale of degrees on the 
upper portion of the brass stem. This hydrometer is employed 
in proving spirits for the coUection of the spirit revenue of 
Great Britain. No spirit is allowed to be sold for the puipose 
of drinking which is above proof. Proof spirit” consists of 
half water and half pure spirit ; and in the ordinaiy use of this 
instrument for commercial purposes, the specific gravity of 
spirits refers to this standard, and not to that adopted by 
science. Pure alcohol, as we have seen, is lighter than water ; 
and if spirits offered for sale contain an undue proportion of 
the former, the specific gravity of the spirits will not be so 
great as that required in proof spirit, and the instrument will 
sink deeper in the liquid. Thus, if the liquid contains twenty 
parts in a hundred more pure alcohol than proof spirit is 
allowed to contain, the hydrometer will sink so as to indicate 
twenty above that standard, and the liquid must therefore be 
lowered by the addition of a due proportion of water before it 
may be offered for sale. The specific giavity of spirits, how- 
ever, varies greatly with the temperature, and, consequently, 
at different seasons of the year. This difference must, there- 
fore, be taken into consideration, and accordingly a thermometer 
always forms part of the hydrometrical apparatus. 

The specific gravity of cow’s milk is 1*080 ; and if water 
should be mixed with it, this may readily be detected by 
means of the hydrometer. In some parts of Switzerland and 
of the north of Italy, the peasant^ many of whom possess a 
single cow, daily carry the milk to large cheese-fiums in their 
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nel^bomliood, receiving at the end of the year an equivalent 
portion of cheese* At these forms^ in order to ascertain the 
good quality of the milk, hydrometers are used ; for, since 
water is specifically lighter than milk^ any admixture of the 
former would immediately be detected by the use of that 
mstroment. 

Oil is specifically lighter than water, the specific gravity of 
olive oil being 0 * 915 . If placed upon water it will therefore 
float on its surface. The same remark applies to naphtha, or 
liquid bitumen, the specific gravity of which does not exceed 
0*847 ; and this circumstance renders it so buoyant, that this 
inflammable substance will bum freely on the surface of water. 

Air is about 820 times lighter than water ; if free it there- 
fore naturally retains a position above water. Air, and other 
gases, notwithstanding their expansive power, are not without 
their gravity, or weight, and consequently they have a ten- 
dency to press downwards ; and this pressure or weight of the 
air exercises considerable influence on all substances upon the 
earth’s surface. A column of mr covering an inch square, and 
considered as extending to the boundary of the earth’s atmo- 
sphere, is estimated as equivalent to fourteen pounds and a half. 
This is termed the weiyAt of <m tOrnmphere. 

We have seen that the specific gravity of water is reckoned 
88 unity, or l*ooo, and that a cubic foot of this liquid weighs 
1000 ounces. This, however, it must be remembered, applies 
only to distilled, or pure rain water, at the particular tempe- 
rature of 60° Fahrenheit : for we have already seen that the 
density, and consequently the specific gravity of water, in- 
creases .with a diminution of temperature, until we arrive at 
that of about 89° ; and the waters of springs, rivers, and lakes, 
being usually more or less impregnated with extraneous sub- 
stances, their specific gravity will be augmented, and liable to 
vary according to circumstances. The specific gravity of the 
waters of the ocean b greater than that of most i^rings, rivers, 
and lakes, but it b more umfoim in its density, sea-water 
heiag found to have nearly the same specific gravity in all 
parts of the globe : the increase in the ^ecifio gravity of sea 
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water abofre that pure water being abont twenty-cdx or 
twenty-eight parts in a thousand ; so that the epecific graTity 
of the waters of the ocefoi ranges from 1^26 to 1*028, A 
cubic foot of sea water would therefore weigh about 1027 
ounces; and, consequently; distilled or rain water, or, indeed, 
any kind of fresh water, being q)ecifiGally l%hter than sea- 
water, would naturally, if undisturbed, float on the surface of 
the latter; a circumstance which is of frequent occurrence 
near the mouths of large riTeis which enter the sea. Of this the 
river Amazonas, or MaraSon, perhaps affords one of the most 
striking examples, the surface of the ocean being found still to 
letain its freshness at the distance of flOO miles from the em- 
bouchure of the river, and not till then, have the winds and 
the waves of the mighty Atlantic, power to unite it wholly 
with the general mass. 

One advantage arising from the circumstance of fresh water 
being speciflcally lighter than sea water, and consequently 
maintaining its position at the sur&ce, near the mouths of 
riverfi; is too remarkable and too important to be passed unno- 
ticed. We allude to the opportunity thus in some cases 
afforded to navigators of obtaining supplies of fresh water from 
the upper stratum. The phenomenon is veiy strikingly dis- 
played in the Santa Cruz, a river of Patagonia ; and may per- 
haps be considered as indicative of the purity of its wateis, the 
sea water being observed to flow into the mouth of that river 
in an under current. And ^^in dipping any thing into the 
stream for fresh water,” observes Ccq>tain Fitzioy, is ad- 
vis^Ie not to dip deep, or to let the hose (if one be used) go 
many inches below the sur&ce, since it often happens that the 
upper water is quite fresh, whilst that underneath is salt.” 

This difference in the spedflc gravity of fresh and sea water 
is not without its importance in ^e construction of boats and 
other vessels. Every substance that is lighter, or has less spe- 
ciflc gravity than water, floats upon its surfiice, and while so 
doing, sinks to a certain depth, or in other terms, diqtlaces a 
certain quantity of the flui^ exactly equal to its own relativu 
weight or gravity, and a balance is thus produced between the 



JMyand the fluid oa%]il^ it floaik^ u lbetwbli^ 
as oonstitutiQg ^<iiie of tlie lea^ and moit 
iv^ertant ]>iiiioipl6s in hydrostaties. N6w, a boi^ floa&ig oil 
asaiwrtflr, will sink to a certain depth in the water ; but if the 
^aelName boat be employed in nari^iating a ftesh unOer lake, or 
n«iTer, it will sink to a greater depth, owing to the leaser 
4e^ of pacific gravity in the latter; in consequence of 
which, a larger quantity of the water will be displaced to eqiud 
the weight of the boat; that is, the boat will sink deeper in 
fresh water than in sea water; and accordingly, a boat intended 
for aea use may be made more solid, and will bear heavier 
burdens, than one designed for use in fresh-water streams or 
lakes. 

All bodies that are heavier than water will of course sink in 
the fluid, because, since their bulk is smaller in proportion to 
their weight, they do not displace a sufficient portion of the 
water to balance their weight, but only a quantity equal to 
their own bulk. And hence, all bodies that are lighter, or have 
less specific gravity than water— as, for instance, a deal board- 
will float at the surface, having a greater or less portion of its 
mass immersed, according to its relative specific gravity to that 
of the water on which it floats. A body that is heavier than 
water, such as a mass of gold, will of course sink to the bottom ; 
unless, indeed, the greater degree of specific gravity be compen- 
sated by placing it on some lighter material, having a more ex- 
tended surface, such as a raft formed of deal boards, or a hollow 
vessel, which, by its greater bulk, will displace a larger portion 
of water than is equal both to its own weight, and to that of 
the mass of gold. A solid block of oak timber is heavier than 
water, but if scooped out, its relative bulk will be greater than 
its relative gravity, and it will then not only float at the sur- 
fisice, but may also be sufficienily buoyant to bear some addi- 
tional burden. This principle is acted upon in the construction 
^f ships and floating vessels of every description ; and it is on 
this principle that the brass ball of the hydrometer floats in 
the liquid to be tested : and that even iron sea- vessels may be 
eonstmcted. 
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^ burden, smi^ be so ocmstrocted as to displace a certain propor- 
tion of water, exactly suited to ynaintaih its balance in tbe 
water ; for, if too light, it will not be well poised, and not ride 
steadily on the water ; and if its weight should be too great for 
its bulk, it will sink too low beneath the sur&ce of the water, 
and the risk wrill be incurred of the water’s entering the vessel. 
And thus, a ship designed to carry coals, the specific gravity of 
which varies from 1*020 to 1‘800, would require to be of very 
difieront construction from one which was to be laden with 
iron, the specific gravity of which is about 7*768 ; and, indeed, 
a vessel could not advantageously carry an equal MJt of iron 
and of coals, but only an equal weiyAt of either substance. It 
is, however, in this way that the form and tonnage of vessels is 
regulated, according to the purposes for which they are in- 
tended ; and trading ships, which are designed to cany large 
cargoes, are more bulky in their form, than such as are designed 
solely for carrying passengers, or for ships of war. Vessels of 
the former class, when their cargo is discharged, become too 
buoyant to be readily managed ; and accordingly, when vessels 
convey a caigo to any port, and do not, after discharging it, 
receive in return, any cargo, or not any of equivalent weight, 
it is customary to take in ballast, that is, shingles, or any sub- 
stance which can be procured free of expense, and to discharge 
this ballast when they reach their own port. This is very 
commonly done by the coal ships from Newcastle, and the con- 
sequent accumulation of the discharged ballast at the entrance 
of the river Tyne is said to be forming a mound which threatens 
to impede the access to that river. The more elegant form of 
ships of war than of merchantmen, and also that of pleasure- 
boats than of fishing- vessels, has its origin in this principle ; 
and among modem improvements in naval architecture, an 
attention to this line of hydrostatics, and its influence on float- 
ing bodies, stands very prominent. 

The earliest ships in the Britbh navy (which may be con- 
sidered as dating its commencement from the reign of Henry 
VII.) were high, unwieldy and narrow; their guns were 
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close to the water, and they hai. l(Aj poops and prows, like 
Chinese jonks; they were, therefore, unmanageable, and far 
foomsafe* And it is mentioned, that on one occasion 
Mary Roee, a goodly ship of the laigest oze, by a little sway 
of the ship in casting about, her ports being witiiin sixte^ 
inches of the water, sunk/* This took place at Sjuthead in 
the presence of the king, (Henry VIII.,) and most of her 
officers and crew were drowned. 

It is to the same hydrostatic principle ihat Dante refers 
in VInfemOy when, in describing his transit across the Sty- 
gian Lake, under the guidance of the poet Virgil, he alludes 
to the circumstance of the bark of Charon sLoking more 
deeply in the waters of the livid lake,’* when bearing its 
unusi^ freight of a human body, than when passing with 
its ordinaiy cargo of disembodied spirits. 

Nor till mf entrance, seemed 
The vessel freighted, ^n as both embarked, 

Cutting the waves, goes on the ancient prow 
More deeply than with other* it is woniK 
Owing to the difference of their relative specific gravities, 
some species of timber float, whilst others, being heavier than 
water, sink to a greater or less depth in that liquid ; dependent, 
of course, on the greater or less deninty of the water. Ash, 
beech, elm, and fir timber, being specifically lighter than 
water, will float at the surfoce; hut some of the harder woods, 
such as British osk, box-wood, mahogany, ebony, Indian 
cedar, &c., being specifically heavier than water, will not 
float. This hydrostatic fact is practically displayed in a 
remarkable manner in the island of Ceylon, the interior of 
which abounds with dense forests, containing a great variety 
of timber trees. The mode adopted by the inhabitants of 
those districts for conveying the timber to the coast districts, 
consists in floating it down the rivers; and as the light and 

♦ E 8(d quand* io fiu dentro parve carca; 

Tosto cbl duca, ed io nel legno iiu, 

Eegando se ue va I’antica prora, 

Dell'acqaa ptd die non euol oon altrui. 

Jf^cmo, Canto 8. 
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leas valuable timber alone is capable of floating, the eonse^ 
quenoe U, that anch are alone brought down, whilst the 
heavier and more valuable woods, such as ebony, satin wood, 
iron wood, &c., being too heavy to float, are left to perish on 
the spot which bears them. 

But in feet, the inferior or leaser gravity of wood of almost 
every kind, compared with that of water, is owing to the 
interstices of the wood being filled with air, and if these 
should become occupied by water instead of by air, the whole 
mass would be heavier them water, and accordingly sink to 
the bottom. This is termed being water-logged. Mr. Sooresby 
mentions a singular instance of a boat becoming thus water- 
logged, under the pressure of the sea at a great depth, by 
which its specific gravity was remarkably increased. This 
occurred during a whaling expedition in the Arctic Regions. 
^^On the dlst of May, ^e chief mate of the Henrietta, of 
Whitby, (the ship Captain Scoresby then commanded), struck 
a whale, which ran out all the hnes out of the boat before 
assistance arrived, and then draped the boat under water, the 
men meanwhile escaping to apiece of ice. When the fish 
returned to the surface to ^blow,’ it was struck a seconfl 
time, and soon afterwards killed* The moment it expired, it 
began to sink, which not being a xisasl circumstance, excited 
some surprise. Captain Scoresby, who was himself assh^ing 
at the capture, observing the circumstance, seized a grapnel, 
festened a rope to it, threw it over the tcul of the fish, and 
fortunately hooked it. It continued to sink, but the line 
being held fest in the boat, at length stopped it, though not 
till the ^strain’ was such, that the boat was in danger of 
sinking. The fish being relieved from the weight of the lines 
and sunken boat, rose to the surfece; and the strain was 
transferred to the boat connected with the disengaged harpoon. 
Captain Scoresby, imagining that the sunken 1^ was entan- 
gled among rocks at the bottom of the sea, and that the action 
of a current produced the extraordinary stresi^ proceeded 
himself to assist in hauling up the boat. The strain upon the 
line he estimated at not less than thxee^oarths of a ton. 
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file utmost power of twenty-five men being requisite to over- 
come the weight. The laborious work of hauling the line in^ 
occupied several hours^ the weight continuing nearly the same 
throughout. The sunken boat, which, before the accident, 
would have been buoyant, even though full of water, now 
when it came to the surface, required a boat at each end to keep 
it from sinking. When it was hoisted into the ship, the paint 
came off the wood in large sheets, and the planks, which were 
of wainscot, were as completely soaked in ‘every pore, as if 
they had lain at the bottom of the sea since the Flood ! A 
wooden apparatus that accompanied the boat in its progress 
through the deep, consisting chiefly of a piece of thick deal, 
fifteen inches square, happened to fall overboard ; and though 
it originally consisted of the lightest fir, sunk in the water 
like a stone. The boat was rendered useless ; even the wood 
of which it was built, on being offered to the cook as fuel, was 
tried and rejected as incombustible.’’ 

The effect produced in the above singular instance, did not, 
however, as will be observed, arise from simple immersion in 
sea water, but from immersion under great pressure by the 
super-incumbent waters of the ocean ; this being equal, at the 
depth of 4000 feet, to about eighteen hundred weight on every 
square inch of surface. 

It is on the same prolific hydrostatic principle of specific 
gravity that life preservers to guard against accidents in water 
are constructed. One of the simplest and best machines for 
this purpose is made in the form of a broad belt or girdle to 
encircle the person of the wearer. It is composed of two folds 
of water-proof leather or caoutchouc; these two folds being 
united so as to be perfectly impervious to water, and having a 
small stop-cock in front. This machine is fastened firmly to 
the body of the wearer, and when in its collapsed state, it 
forms only a flat girdle. When required for use, the bag or 
sac, formed by the two folds of water-proof stuff, is to be 
inflated by blowing into it with the breath, through the 
aperture at the stop-cock; and when this is properly filled^ 
the cock is turned so as to prevent the escape of the air. The 
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sac being now distended, is able, by its increased bulk, and 
consequent buoyancy, not only to sustoin the wearer himself, 
but sometimes an additional weight. The utility of this 
machine has been proved on many occasions ; and an instance 
is recorded of four persons, two ladies and two gentlemen, 
having been saved from drowning by this means in Bra3^don 
Water, between Yarmouth and Norwich. The party set out 
in a pleasure-boat, with the design of proceeding by water to 
Norwich, and one of the gentlemen had taken a life-preserver 
on board, rather, however, with the view of displaying the 
nature of the machine, than as a safeguard in case of accident, 
or of its proving of real practical utility. They had scarcely 
entered Braydon Water, which, in some parts, is nearly two 
miles wide, ere a sudden gust overset the boat, and plunged 
the whole party into the water. The possessor of the life- 
preserver having inflated the sac, hastened to the relief of 
his companions, who were in the greatest peril, but, owing 
to the buoyoncy of the machine, the whole party were sus- 
tained from sinking, and were in this state driven by the 
current on Burgh Marshes, where their boat had already been 
cast on shore, and where they were happily able to obtain 
assistance, and the refreshment they so greatly needed. 

Not very dissimilar from the life-preserver is the air- 
bladder in fishes, which, indeed, may be regarded as a most 
important hydrostatic contrivance, designed to vary the i^ecific 
gravity of the animal’s body, according to circumstances; these 
air-bladders being capable of being dilated and compressed at 
pleasure. When the air-bladders are dilated and filled with 
air, the specific gravity of the fish is lessened, and the animal 
being lighter than water, naturally ascends; when, on the 
other hand, the air is withdrawn, and the bladder compressed, 
the body of the fish being heavier than water, it sinks in that 
liquid ; and the animal may regulate the greater or less degree 
of compression or of dilatation of the bladder, according to the 
greater or less depth beneath the surface to which its wants or 
inclinations may lead it. 

The hydrostatic apparatus of the nautilus is even more 
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remaiki^le. The shell of this moUnse is eammOed or 
te ndf that is^ it is divided into ccnnpsrtmentB or eells. These 
chambers or cells are jfilled with air, and 8|^>ear to be nioely 
(adjusted on hydrostatic prindples, so as exactly to balance the 
weight ci the animal; and as the nautilus increases in size^ 
and consequently in weight, a fresh chamber is added, each 
new chamber being of larger dimensions than the preceding. 

is this the only hydrostatic apparatus possessed by the 
nautilus. A membraneous tube, called the siphuncle or siphon, 
traverses the chambered portion of the shell, apparently con* 
necting the chambers with the body of the animal. Into this 
siphon the nautilus appears to have the power of injecting a 
liquid, and of withdrawing it at pleasure ; and if the tube be 
filled with a liquid of equal weight with water, the whole 
mass becomes specifically heavier than water, and the animal 
unks. When, however, the liquid is withdrawn, the balance 
is reversed, and the animal rises to the surface. These beau- 
tiful arrangements are, and ever have been,” observes Dr, 
Buckland, ^ subservient to one common object, viz., the con* 
struction of hydraulic instruments of essentud importance, in 
the economy of creatures destined to move sometimes at the 
bottom of the sea, and at other times upon or near the surfing 
of the sea. The delicate adjustments,” (continues tliis eminent 
geologist, speaking of the fossil remains of the same family, as 
compared with the existing nautili,) ^^the delicate adjustments 
whereby the same principle is extended through so many grades 
and modifications of the same type, show the uniform and con- 
stant agency of some controlling intelligence : and in searching 
for the origin of so much method and regularity amidst variety, 
the mind can only rest when it has passed through the subor- 
dinate series of second causes, to that Great First Cause, which 
Is foimd in the will and power of a common Creator.” 
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BOUDS. 

Wat$r^ at the Umperaiure etf M* 
Fahrenheit, ranking at 1*000. 


Iiidlmn *3*000 

Platinum, in plates 8800D 

Ditto, forged *0*336 

Gold, luunmered 19*361 

Gold, oast 19**58 

Tungsten 17*400 

Mercury, solid 4^ 15*610 

Mercury, li^tiid 13*596 

Palladium 11*600 

Lead 11*352 

Rhodium 11*000 

Silver, hammered 10*510 

Silver, cast 10*474 

Bismuth.. 9*880 

Uranium «... 9*000 

Copper 8*900 

Nickel, forged 8*666 

Molybdenum 8*611 

Cadmium.....^ 8*600 

Manganese 8*000 

Bteel, hardened 7*840 

Steel, soft 7*833 

Iron, bar 7'888 

Iron, oast 7*248 

Cobalt 7*600 

Tin 7*291 

ZiBO 6*861 

Antimony 6*702 

Tellurium 6115 

Chromium 5*900 

Arsenic 5*763 

Colnmbium 5*600 

Ruby, oriental 4*283 

Garnet, precious 4*230 

Garnet, common 3*600 

Sapphire, oriental 4*200 

Sapphire, Brazilian 3*130 

Topaz, oriental 4*061 

Malachite 3*994 

Beryl, oriental 3*549 

Beryl, occidental 2*723 

Diamond, oriratol 3*531 

Diamond, Brazilian 3*444 

Amethyst, oriental 3*391 

Amethyst, common 2*750 

Fluor Spar 3*791 

Tourmaline 3*361 


LiaestoBe, oompaoty about 3*069 


I GHSMf fl fa l t »e 3*000 

QhMB, ]date 2*700 

Glass, oxiown 2*520 

Tarqneiaor about 3K)00 

Chmite, about 2*990 

Mloa, about. 2*930 

Coral, red, about 2*856 

Coral, white 2*670 

Marble, Parian 2*8^ 

Onyx 2*816 

Emerald.... 2*770 

Pearls, oriental 2*750 

Felspar 2*700 

Rock-crystal 2*650 

Chalcedony 2*650 

Camelian 2*613 

Agate 2*590 

Portland stone. 2*496 

Plumbago or Gaphite, from 

1*987 to 2*400 

Porcelain, from China. 2*384 

Porcelain, Sevres 2*145 

Ultramarine. 2*362 

Opal, precious 2*114 

Slate, drawing 2*110 

Oyster-shell 2*092 

Sulphur, native 2 033 

Nitre 1*900 

Alabaster 1*874 

Ivory 1*825 

Anthracite 1*800 

Alum 1*714 

Sugar 1*606 

Gum-arabic 1*452 

Honey 1*450 

Lignum vite 1*333 

Ebony, Amexioan 1*331 

Ebony, Indian 1*209 

Peat, compact 1*329 

Coals, from 1*020 to 1*300 

Jet 1*300 

Oak-heart, 60 yean old 1*170 

Amber from 1*064 to 1*100 

Mahogany 1*063 

Brazil wood 1*031 

Indigo 1*009 

Watur 1*000 

Camphor 0*988 

Sodium 0*972 


* That is, at the temperature of 3* below Zero, on Fabzenheitli scale. 
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Lwd 


Tallow 

Vaik, pork 

Fat, veal 

Fat, beef 

Fat, mutton ... 
Caoutchouo ...*. 

Joe 

Ambergrifl 

PotaMtum 

Beech timber ... 

Aab 

Yew, Spaniah . . . 

Yew, Dutch 

Alder 

Apple-tree 

Deal, yellow 

Cyprew, Spanish 

Cedar 

Linden or Lime. 

Fir 

Poplar 

Poplar, common. . 
Cork 


0-964 

0^7 

(H)48 

0*948 

0 * 9 ^ 

0*986 

0*934 

0*923 

0*983 

0*933 

0*930 

from 0*700 to 0*986 

0*865 

0*852 


0*807 
0*788 
0*800 
0*793 
0*657 
0*644 
0*613 
0*604 
0*550 
0*529 
0*383 I 
0*240 


LiaUlDS. 


Sulphuric acid 1*840 

Nitrous acid 1*550 

Water of Dead Sea 1*240 

Nitric acid 1*217 

Constantia wine 1*081 

Tinegar 1*080 

Oil of cinnamon 1*043 

Oil of cloves 1*036 

Milk 1*030 


Sea water, idKmt 1*086 

Malagawlne 1*019 

Qyder. 1*018 

Wana 1*000 

Port wine 0*997 

Burgundy wine 0*991 

Linseed oil 0*940 

Proof spirit 0*923 

Oil, whale 0*923 

Oil, oUve 0*915 

Ether, nitric 0*908 

Ether, muriatic 0*874 

Naphtha from 0*700 to OW 

Alcohol, pure 0 797 

Atmospheric air 0*0014 


GASES. 

Atmospheric Air reckoned as Unity, 
or 1*000. 

Hydriodic acid (the heaviest 


gas known) 4*340 

I Nitrous acid 2*638 

Chlorine 2*500 

Sulphurous add 2*222 

Carbonic acid 1*527 

Muriatic acid 1*284 

Oxygen 1*J11 

Atuosphbrio ▲» 1*000 , 

Carbonic acid gas 0*972 

Carburetted hydrogen 0*972 

Nitrogen 0*9^ 

Prussic add 0*937 

Vapour of water 0*623 

Ammoniacal gas 0*590 

Hydrogen 0*069 
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CHAPTER IV. 

BTDB08TATZ08,---BQU11CBBIT7M 0» WATSB. 

Wb haye already seen that the parts of water and oilier fluids^ 
are perfectly moveable among one another by the slightest 
partial pressure. This perfect mobility of the parts gives rise 
to the equiUbrium of fmdsy or^ their o^ital proBswre t» aU diroo^ 
tions, which may be considered as the fundamental truth on 
which all the laws of hyobostatics depend. Few and simple 
as these principles may appear, they nevertheless g^ve rise to a 
train of curious and important results, scarcely yielding to 
those deducible from any other branch of science, either in the 
interesting views they unfold of natural phenomena, or in their 
practical utility to man. 

We have just stated that it is a fundamental truth that 
water presses equally in all directions : let us not, however, be 
misunderstood. If we put water in a square open cistern or 
vessel of any kind, it does not, while at rest, press with equal 
force above, below, and laterally : the very circumstance that 
detains it in its liquid form — ^its natural want of expansibility 
— ^prevents it from pressing upwards ; besides which, there are 
certain forces perpetually acting upon it, and giving it a ten-^ 
dency to press in a contrary direction : both the attraction of 
gravitation and its own gravity cause it to press downwards, 
whilst the weight of the atmosphere, which we have seen is 
equal to 14i lbs. on eveiy square inch, lends its aid in pressing 
it in the same direction. From what has just been said of this 
downward pressure, we shall be led to expect that the pressure 
of the water on the bottom qf the cistern will be greater than 
that on the sides. Nor shall we be mistaken in this conclu-^ 
sion ; for, if we suppose our cistern or vessel to be square, and 
Capable of containing a cubic foot of water, the pressure on the 
bottom will be equal to a force of 1000 ounces, whilst that on 
each side of the cistern will not be equal to more thAn half that 
on the bottom— or dOO ounces. But when we consider the 
lateral pressure, or the pressure on the sides^ then, indeed, we 

B 



If the vessel, instead ef being square, 
were to be of the form of an inverted cone, 
like that represented in the accompanying 
diagram, the force of the downward pres- 
sure would vary in the dillerent parts of 
the vessel, according to the depth the 
water; and in describing the phenomena 
of this fluid, it ia common to assume that 
its minute particles are arranged in a linear 
vertical direction, as though water consisted 
of a vast number of minute columns, each having a direction, in 
accordance with the laws of gravitation, towards the earth’s 
centre. Ke weight or pressure of these supposed columns 
varies with their height; fl»rwe need scarcely remind the 
reader that a column or vertical line of marbles or of cannon- 
balls, contidmng fifty, would weigh more than one contaimng 
half that numbw. 

The increase of pressure which thus takes place in pr(^oiv 
tion to the depth of the fluid, renders it important ia the coa- 
a^ction of tanks and reservoirs designed for hoMing water, to 
Biid^e them of strength proportionate to the di^th of the liquid 
they axe intended to contain. In constructing large tanks and 
r eser v oirs, this, indeed, finsns no trifling consideration, it being 
• eupeTfluous expense to make them equally thick and strong 
riiToughout the whole depth ; for, if they are thick enough to 
bear the great pressure in the lower part, they will be stronger 
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x&Kuack i^pliee to flood-gates, hankf^ and djkes. therefor^ 
a or vessel have the same diametor thmg^ the whole of 
its d^th, the walls or ddes moat, in older to raider it secure 
giadiudlj Increase in thickneee ftom thetep to the bottom; 
and care must be talrai to ascertain that the thickness of the 
aS4e« at the greatest depth, is safficient to resist the piessare in 
that part of the tank. This maj be asoortaliied with great 
pxecidon, the regular prc^ortion baring been determiiied hy 
mathematical reasoning, and it is found, in some measure, to 
d€f>end on the i^^ecific gravity of the material of which tho 
aides of the tank may be fmmed; and to differ, according t0 
its specific gravity, compared with that of the water it is to 
oontain. Thus, if a bank be ffrmed of common stone, the cpe- 
oific gravity of which is about twice that of water, the thin- 
ness of the wall at the base ought, in order to resist the pres- 
sure, to be equal to half the height — ^that is to say, if the 
water stand six feet high in the tank, there oi^ht to be three 
feet thickness of solid masonry in the walls, at the bottonu If 
the wall or bank be formed of fir timber, which is not mu ch 
more than half the weight of water, it would not bear a similar 
pressure ; and either the wall must be thicker at its base, or 
the water not so deep. 

We are, however, so accustomed to consider weight as a 
certain quality possessed by particular substances^ and which 
renders them heaty, that we are apt to ffrget thm axe meie 
conventional terms, adopted as a convenient mode of expressing 
the fiurt of their downward pressure, by no means explanatory 
of the laws on which this downward pressure depends ; but 
rather, on the contrary, calculated to lead us to suppose that 
they poissess actual heaviness. A simple experiment will, 
however, prove that when any substance weighs or presses 
down the scale, this does not arise from this supposed actual 
heaviness, but from the tendency all bodies have to press 
downwards. Being provided with a pair of scslea, kt us place 
a jar or tumbler, c onta i nin g a certain quantity of water (sup- 
pose eight ounoeB,} in the mie scak^ and correspmidlng w^[htB 



But although water, when in an open tank, cistern, or vessel 
of any kind, presses with greater force in a downward than in 
a lateral direction, and does not press upwards when unconfined, 
we shall find that when it is confined in a close boiler, or vessel 
of any kind, and acted on by any force, whether by the expan^ 
Mve power of heat, or by any other that may be applied, water 
presses equally in all direeiims; above, below, and laterally— a 
law of hydrostatics which leads to results equally remarkable 
and important. 

We have just seen (and there is certainly nothing that 
appears extraordinary in the circumstance) that a column or 
vertical line of water containing fifty, or fifty thousand, of the 
minute particles of that liquid, will press downwards with 
greater force than a column containing half as many ; we might 
therefore perhaps expect, as a matter of course, that if watet 
were placed in a vessel of the form represented in the accom^ 
panying diagram, the heigirt of the water being, as will be 
Qbiefretf, greater in the portion of the vessel extending from a 
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colanm of water in tliat portion of the 
▼eesel* Such, howeves, ie not the ease, 
the preeenre being, in fiict, equal in all 
parts of the bottom of the resseh Thu 
statement may at first appear not a 
little startling, and at rariance with what 
has already been said respectii^ the 
greater pressure of a longer column or body of water; and 
indeed, ^m its apparent incongruity, this principle has been 
called the hydrostatic parados^. There is, however, no difficulty 
attending the explanation of this phenomenon, which arises 
from the perfect mobility of the parts of water, and only forms 
an instance of the hydrostatic principle of the equal pressure of 
fluids in all directions. The water, in the first place, flows 
freely downwards and laterally until it has filled the vessel. In 
the inclosed portion, h c, it, however, encounters resistance to 
its fiirther progress, from the sides and upper sur&ce of the 
vessel : checked in its onward course, and imprisoned within 
certain limits, and being, from the mobility of its parts, ready 
to yield to any partial pressure, the whole body of water in the 
vessel becomes pressed dowmwards by any force which may be 
exerted at o, and, owing to the resistance it encounters from the 
top of the vessel at c, with equal force in every part ; the 
degree of force being dependent on the amount of pressure at a, 
and on the height of the water from a to In a vessel having 
an aperture an inch square at a, the ordinary pressure of the 
atmosphere would be equal to 144 ^hs., and this pressure would 
act in all directions in the horizontal limb of the vessel, above, 
below, and laterally. If the pressure be increased, the water in 
the vessel will press with greater force in every direction, and 
if the pressure be augmented to a great amount the vessel may 
burst, and be rent asunder with great violence. 

The efiects produced by this hydrostatic principle of the, 
equal pressure of water in all directions, when confined within 
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fixed limits, conjointly with ilMi of the pfcssme produced by 
a cohunn ci water of coxoidmble vertical height, somethneS 
g^ves rise to exceedingly alarming phenomena in the natural 
world. To illtistrate this observation, let us suppose a cavity 
to exist in the interior of a hill, or mountain, as leptesented in 
the accompanyii^ diagnun* 



Thia cavity we will farther suppose, though perhaps not 
ezeeedii^ m inch in depth, to form an area of 80 feet square, 
and to be filled with water, being led by a sm^ crevice or 
fissure, through which the water finds its way into this reser* 
Toir. An unusually heavy fidl of rain takes place, and the 
water fozdng its way down the crevice enlarges it to the dia- 
meter of an inch square, its whole length fmm the surface to 
the reservoir being 200 feet. The surrounding country being 
flooded, the crevice becomes completely filled with water, thus 
finming a column of water 200 feet in height, which, in accord- 
ance with the prineiples just alluded to, causes equal pressure 
of the water on idl sides of the internal cavity with all the 
power due to a perpen^cular column 200 feet in hdght. The 
water consequently will press wHh great force in every Sec- 
tion, and in all probability the mountain may he rent asunder 
with great violence, for it would be blown up with force equal 
to the pressure of 5000 tons of water, d^thoug^ infbet, not more 
than two tons and a half would have been applied. Such accu- 
mafotioBs of water in the interior of the enith may noiunfire*- 
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fnentl j cause the dumption ot rending asondcr of n>dc% thns 
giring rise t& local earthquakes^ and other phenomesia. Nor is 
it impoasibk that to some such cause may be attributable, the 
•hocks and detonations frequently noticed by travellers in some 
of the mountainous districts of the New Worid^ eEq>eeially in 
Guiana. By such a rending asunder of bilk and mountains, the 
focks would also, probably, be shattered into fragments of al! 
dimensions ; and in this way, as well as in many others, water 
may lend its aid m causing great changes in the earth’s crust. 
And it is not impossible that the remarkable heap of fragments 
of rocks matiioned by Mr. SdKHxtburghk as oceurring in the 
Farima Moontams in British Guiana (where, as we have just 
seen, shocks and detonations are frequently hean^ and where 
that eminent traveller observed thousands of rocks lying 
heaped in the greatest confindon, varying in sizefrcnn immertfia 
blocks to that of an egg,) may originate in such a phcnomenoaiu 
In other regicmi, as for instanee in the basin of the Missouri, 
these fragments may have been borne onwards^ and rounded by 
the action of water, thus formh^ those masses of rode, which 
are termed by geologists erratic blocks^ or benldeiB. 

We thus find that owing to the law of equal pressure^ the 
force cocerted by water and other fluids does not appear to be 
regulated by the quantity, or the weight of the fluid, but by 
the vertical bright of a limited portum, and the area of tlm 
remaizdng portion on which it acta In a practical point of 
view, this law is remarkable for the directness of hs applica* 
flan to useful purposes; more particulariy because the imins^ 
diate and perfect dlstributioD through the wlude mass, of a 
pressure, applied to any one part, however small, of rike upper 
surface^ enabks x» to communicate, cac ituUmty riie same 
pressure to all parts of the vessel in which the water k com* 
tained# And H will be evid^st, from what bas absa^heen 
stated, riiat by the skilliil i^pplication of this law of hydso- 
statics^ a vast force may be obtained, with a oompamtmly 
trifling expenchture of power. The inoenvenknee attsndkf 
Ihe snanagemenl of a very high tolaaosB of water, would of 
course present marii difimdty in the iq^pUeatioa of this pome 
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to iMohinfiry ; snd therefore, although the principle of action* 
eras knownaa for back as the middle of the seventeenth cen« 
tory, it vas not conindered as available for such purposes; but 
it hu more recently been adopted by Mr. Bramah in the con^ 
afcmctlon of a machine, called the hydraulic press, which is 
now used in almost every case where great pressure is required. 
In the hydraulic press, however, great pressure on the vertical 
column is substituted for the height of that column. 

We have seen that in a vessel containing water, which is 
open at top, and the aperture of which measures an inch 
square, the ordinary pressure of the atmosphere would be 
equal to 14i lbs. We have also seen that if pressure or force 
be applied at the sur&ce of the water, the whole mass of the 
liquid in the vessel will yield to the partial pressure; and 
being compressed into a smaller compass than it would natu- 
rally occupy, the imprisoned water, impatient of restraint, will 
press against the sides of the vessel with greater or less force, 
according to the degree of pressure exerted ; and if the pressure 
be increased to a great amount, the water will press down-* 
wards with an equivalent force. Pressure, equal to 14^ lbs., 
is usually technically termed the weight of an atmosphere; 
and if a pressure equal to twice that weight be applied, it is 
called the weight of two atmospheres; if three times, of three 
atmospheres; and so on. If additional pressure equal to one, 
two, ten, twenty, or any number of atmospheres” be applied 
at the surfisce of the water in the vertical limb of the vessel 
{see diagram, p. 53), the pressure at the bottom of the vessel 
would be increased in proportion; and the force thus used 
would form a substitute for the length of the column. It is 
on this principle that Bramah’s hydraulic press is constructed, 
a small forcing pump, to which any required power can be 
applied, being adopted as a substitute for the high column of 
water; and thus the effect produced, is the same as if the 
column of water were indefinitely long. In the practical use 
xff this machine, a small quantity of water is driven by pres- 
sure, regulated according to the force required, into a vessel 
already ftdL Under such circumstances, the pressure of the 
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water on the ddes and bottom of the yeeBel ia enormoiiB) and 
this may be increased to such an extent, that scarcely any* 
thing can resist its power; although the whole apparatus is 
very compact, and occupies only a small space. Thus, a man 
wi^ a machine acting on this principle, and not larger than 
an ordinary sized tea-pot, staniUng before him on the table, 
may cut through a thick bar of iron, with as much facility as 
he could clip a piece of pasteboard with a pair of scissors. On 
a larger scale, this machine is capable of many useful applies* 
tions, such as a jack for raising heavy loads, or an instrument 
for drawing up trees by their roots, or extracting the piles 
used in bridge-building. It also is very advantageously em* 
ployed as a press, for compressing woollen, cotton, and other 
goods, into the most portable dimensions. 

The tendency of all the parts of liquids to assume a level 
surface, renders them applicable to the formation of levelling 
instruments^ or instruments for ascertaining whether any sur- 
face is level, or any line horizontal. These instruments are 
usually termed levels^ and are of various forms ; but the best and 
simplest instrument of the kind consists of a perfectly cylin- 
drical and straight tube of glass, either hermetically sealed at 
both ends, or closed by being melted in a blow-pipe ; being, 
however, previoudy filled with some liquid, so as merely to 
leave a small bubble of air. When the instrument is pl^ed 
horizontally, the air bubble will remain stationary in the 
centre ; but if it be not perfectly level, the bubble will rise to 
one or other end, according to the inclination given to the 
instrument. Water, spirits of wine, ether, &c., may be em- 
ployed for this purpose; but the liquid best adapted for use 
in this instrument is oil of tartar, which is not liable to freeze, 
nor to be aflPected by changes of temperature. 

The running or spouting of wester^ from the sides of vessels, 
arises from the hydrostatic law of lateral pressure ; and, as the 
downward and consequent lateral pressure of the liquid, ia 
proportional to the height of the column of water, without 
reg^ to the quantity any vessd may contain, so we shall 
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ftaft Ait mber iviH pour out wxA graster hte^ in regnlv 
pMpoiAn tn iha height of the column, without legard to the 
Wk$m of witer» Thus, if water issue at the vale of a gallon 
par TDiirate from an orifice in a cask or cistern, aUuated three 
inches bdow the surface of the water, double that quantity, 
or two gallons, would issue in the same i^>ace of time fh>m an 
orifice situated at &ur times that depth, or twelve inches 
below the sur&ce; and three galloiBi w(mld issue fix>m an 
orifice situated at nine times the depth, or twenty-seven 
inches below Ae surfi^. The circumstance of the greater 
orce or lapichty wiA which water pours forth firom an 
orifice at a greater depth below the sur&ce, many of us may 
have an opportunity of verifying by our own observations; 
for, if we draw water firom a cistern or water-butt, we shall 
perceive that when the vessel is full, the water pours forth 
with considerable force, whereas when the water is low 
in the cistern or butt, the force or rapidity with which it 
issues is greatly diminished, a fiMt which is expressed by a 
common, though certrinly not very grammatical phrase, 
namely, that ** it runs dow.” If, however, when the cistern 
is l^lf empty, we immerse in the water a bucket or other 
vessel, avoiding touching the sides of the cistern, but by this 
means causing the water to stand higher in the cistern, the 
height of the column, thoagh not the mass of water, being 
thus augmented, the water will flow with increased rapidity 
in proportion to the increased elevation of the Hquid in the 
cistern. This is, in fact, as the reader will perceive, only a 
repetition of the experiment before alluded to, of weighing 
down the scale by placing the smaller tumbler or jar, within 
the larger, and by this means raising the four ounces of water 
to the elevation at which the eight ounces had previously 
stood : but though only a repetition of that experiment, it is 
net repeated without increased interest in the present instance, 
on account of its here affording us ocular demonstration of the 
flogmentation of downward pressure by increase of height in 
the column of water* For it will be evident, the same 
pxiiioipld is called into action in both cases;, and in that of the 
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hteteased ra|4ditj wkli w^icli water flwws front an orifice al A 
greater depth froDi the surfiKe, we dudl at once perceive that 
it is consed hj mcrease of pressure. It also ilhistrstes the 
hjdrostatie paradox; for m t}u% as weH as in that instance, 
we find that the degree of downward press u r e depends on the 
hmght of a portion of the water, and not on the magnitude of 
the whole mass. 

In ancient times, before the inrention of clocks and similar 
time-pieces, recourse was had to various expedients for marking 
the lapse of time. Son-dials could only be available during the 
hours of daylight, and in unclouded weather; and it therefore 
became an object of great importance, to introdn^ some other 
method of investing the passage of the hour^ during the dark- 
ness of night, and when the sun was obscured. One mode of 
efiecting this desideratum, which was very generally adopted 
by the ancients, was the dropping of wat^ from ooxe vessel into 
an other, through an orifice of determinate magnitude; and the 
earliest water time-pieces, or as they are termed, 

probably bore much resemblance to hour-glasses, m which sand 
pours one vessel into another*. The passage of time was 
indicated in this clepsydra, by marks corresponding either to the 
diminution of the water in the containing vessel, daring the 
time of its being emptied, or the increase of the fluid in the 
receiving vessel, during the time of its being filled. It was 
soon, however, found, that the escape of the water from the 
containing vessel was much more rapid when it was full than 
when nearly empty, owing, as we shall be well aware, to the 
difierence of pressure when the water stood at different heights 
In the vessel. A variation in temperature will also cause some 
Irregularity in the action of these water-clocks, and they are 
likewise in some degree affected by the state of the atmosphere; 
but they are nevertheless susceptible of considerable accuracy, 

* The en of the inrention of these water>c1oc]a is onhnown; hat there 
can be no doabt that they dote Uwir origin to a rerf rensxte period; for m 
bmbrametA of this hM i^peaes to here been w nse in Indk ebeat 700 years 
before the Christian era. These instruments are snj^osed to hove been intro* 
duced into Egypt under the reign of the Ptolemies. 
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aid lietoe the intrDdiicti<m of clocks and watches, clepsydras 
fermed the sole depend^oe of the astronomer for measuring; 
amall portions of time. These instruments, from their construe* 
tion, were rather costly ; and a single clepsydra appears to hare 
been considered sufficient for each town. These " town clocks ” 
were always attended by a slave, whose business it was to blow 
a horn at stated periods; and as this sound would extend to a 
considerable distance, notice was thus generally given of the 
passing hour. Nobles and persons of eminence, however, used 
to employ messengeni to acquaint them with the time, as indi* 
Gated by the clepsydra. Some of these water-clocks appear to 
have been more complicated in their structure; descriptions 
being handed down to us of clepi^dras, in which the mechanical 
action of wheel- work was combined with the flowing of water; 
and which not only noted the division of the day into hours, 
but also the age of the moon, and the position of the sun in the 
ecliptic; and which, yet further, blew trumpets at stated 
times, projected stones, and performed various other wonderful 
feats. Clepsydras were introduced into Borne about two cen- 
turies before the Christian era ; and Julius Ciesar, in his invasion 
of Britain, is said to have met with one in this island, though 
firom whence it can have been procured is a matter of great 
uncertainty. The clepsydra continued to be used for many 
centuries ; and it is related in an old chronicle, that a curious 
water-clock was sent by Haroon al Baschid (or Haroon the 
Just) to Charlemagne about the year 808 , which appears to 
have approached in some respects to the clocks now in use. It; 
was formed of brass, and announced the hours by means of 
twelve little balls of the same metal, which, at the end of each 
hour, produced sounds by striking against a bell. There were 
also figures of horsemen, which, at the same interval of time, 
came forth through little apertures or gates, and again retreated. 
In some parts of the Continent, clepsydras appear to have con- 
tinued in use until comparatively modem times; but at present 
th^ are perhaps wholly superseded by pendulum docks, and 
watches, which are not o^y fas more convenient, but also 
infinitely more exact 
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CHAPTER V. 

EQUILIBRIUM OF WATER, CONnEUSD. 

We have seen that the eqnilibriam of water is the great tnzth 
on which the laws of hydrostatics are based ; we hare further 
been led to observe the remarkable degree of force exercised by 
a column of water of considerable height, though of smaH 
dimensions, acting upon a body of water of greater sur&ce but 
of small elevation, as exemplified in the hydrostatic paradox, 
in natural phenomena, and also in the greater or less force with 
which water spouts out fix)m an orifice on the side of a vessel, 
according to the depth of that aperture below the sur&ce of the 
water. Let us now proceed to consider the equilibrium of 
water as exhibited in its tendency to maintain or to assume a 
general level at the surface. Expansive fluids, such as air and 
the gases, have, as already remarked, a tendency to press equally 
in all directions: this property does not belong to liquids when 
unconfined ; and perhaps the equilibrium of lateral presmre^ or 
the equal lateral pressure in all directions, may be regarded as 
the most correct expression of the distinctive characteristic of 
liquids, and that in which they difier from elastic or expansive 
fluids. 

The equal lateral pressure of water in all directions, gives 
rise to a vast number of interesting and important phenomena, 
whether we select our examples from tlie natural world, fn>m 
the application of the principle to practical purposes, or from 
familiar instances of less apparent importance, but perhaps not 
less illustrative, because they may come under our own personal 
observation. 

Let us commence with the most simple instance, that of a 
bent tube or pipe, curved in the form of the letter U. If we 
pour water into one limb or branch of such tube, we shall find 
that it will assume a level at the sur&ce in the tw^o branches^ 
and that the water will stand in both at vertical heights pre- 
cisely equal to each other. This circumstance, it will be evident, 
luises from the mobility of its parte, and its tendency to assume 
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I'll Iwd moAoe; Inr, wen it oth^rwlee, the wttw 
in the hnadiihiite whidi it was 0^ 
it did aeoend into the other branch, it would not pnsent 
dlnjMi;^le¥dwliid& wsdbalip^^ Hqnid will inyari- 
aW^nfMinino. In tha eacampk of the bent tube^ both branehas 
nnof equal dimennoofli and haye an iaimediakcoinmiinieatioa 
witk each other; bui^ in fret, it nattere not what are the 
le^ectiye Azee of the two hmaehat, nor, if the number be nml* 
tlfdied, nmr how remote they an from each others ao long 
as there is a hm channel of communication, and a sufficient 
supply of water to fill all the branches. As an instance of a 
body, the bzanches of which, though fmly communicating by 
only small 02dfice% hare different capacities, we may take the 
wery familiar one of a tea or coffee-pot* If we pour water into 
the branch having the largest ciqpacity, or, in other terms^ the 
body of the coffee-pot, we shall find that the liquid, instead of 
remaining in that branch, will simultaneously enter the leaser 
branch or spout, and according to the height of its level in the 
one, so win it be in the other; and if we continue pouring iu 
water, until it reaches the same level as the aperi^ in the 
spout, it will rise to and appear at that point; and should this 
aperture be lower than the upper part of the body of the coffee- 
pot, the liquid would pour over until reduced to that leveL If 
the vessel be not filled higher than to the level of in the accom- 
panying diagram, and if we desii'e to pour out the coffee^ or what- 



ever liquid it may contain, and aoeordingly incline it Ibrwaidi^ 
jw in t^ right-h^ figure, we shall perceive that, by lowering 
the spout, we give a different level to that piniion of the branch 
in whidi this spertiue is situated, in consequ Aice id which, tfao 
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fitfwfam i iitri tow^hyfex)ilaac^ 
wlti€lii»pdfdl liqiiid Indies to immci a J 0 f«l at I3ie 
said also tiiei of gmvitatioii, Iqr whiek all bodies fsH to tbo 
earUiy^-ooiiipHes with oor mkAm, aad pom feth mto our 
eups; and tbo fiutlity witii whieh the liq[iiid will poar ooi of 
the Tossel, will be mndi inflxuaioed by the solatiFO ekmtions of 
the upper part of the ipont 6, with that of the tea or coffee 
at a. 

Some of our readers may^ perhaps, smile at our qnaking of 
the pouring out of tea or coffee, as the reralt of grand natural 
laws ; and think that the liquid ^^poun ouf^” because it obeys 
the impulse given by outselyes: but this would be merely 
saying that water pours forth because it is water; whereaEf, we 
would desire to give the reason, (as £ir as human science can 
effect it,) why liquids pour forth« A solid mass^ we are well 
aware, would not pass into the lesser branch, nor even were 
we to fill the larger branch with fine loose sand, would that 
extend itself into the spout, so as to assume a level surfiiee in 
both branches : and this power of fluids, to rise in an indefinite 
number of branches, is, in fact, peculiar to this class of bodies, 
being in the most minute, as well as in the most stupendous 
instances, a consequence of the laws given to this peculiar kind 
of matter by the Creator of the universe. This is also a law 
of the utmost importance ; for, were water otherwise consti- 
tuted, the natural world could not (as fisur as appears to human 
perception) exist in its present condition. The coffee aasumes 
a level surfoce in the two branches of the oofifee-p<d;, owing to 
the perfect mobility of the parts of the liquid, and, had this 
property not been imparted to fluid bodies, we should meet 
with no better success in attempting to pour out the water or 
coffee, firom the coffee-pot, than did Canute in checking tha 
advance of die sea, when, to reprove the fiiisome and absurd flat- 
tery of his courtiers, he placed himself on the bonlers of the great 
deep, and bade the waters of the oeean not approach hn royal 
feet. The equal iateralpreasure of water caused the aea on that 
occarion to advance to its wonted limits; and it Is the ssma 
principle that causes the coffee, or any ether Uquid, to e ateiv 
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MItnl oraitifiola], and whether vast or minute in ita dimen* 
iSotia. Nor, as just stated, does it matter what may be the 
tamber of bran^es thus connected together, nor their yarioas 
forms^ whether globular, spiral, upright, or slanting, nor yet 
what may be the comparative depth of the several parts, so 
long as there is sufficient water to fill the connecting trough or 
badn, as at a in the accompanying diagram. 



This law is exemplified on a large scale in the greater num- 
ber of conduit-pipes in use for conveying streams from distant 
sources to the several parts of a city, and in some cases to the 
upper floors of houses or manufactories ; but as the particulars 
relative to the conveyance of w'ater are connected with the 
motion of that liquid, we shall defer the consideration of this 
subject until we treat of hydraulics. 

Although di^layed in a different manner, owing to the 
different circumstances attending the phenomena, it is, as we 
have just observed, the same hydrostatic law of equal pressure, 
that retains the vast mass of waters contained in the ocean, in 
their appointed place. ^‘Hitherto shalt thou come, and no 
fisrther; and here shall thy proud waves be stayed,’* is the 
command which has been given to the illimitable deep by the 
^Almighty Baler of nature; and the command is implicitly 
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ifbeyti. Bitt lit m mnember that is iM>t sn aibUnoj 
injimotloii^ g^rai to an indiTidaal sabjeot of tho Tast ompive ^ 
the univefse, it may xather be oossid^red as a change reminding 
the waters of the sea of their subjection to the general laws 
which the Divine Lawgiver has instituted fc(t all nature. 
The Creator has power to command every creature of his hand : 
hut, in the ordinary course of nature, we do not &d the 
established laws departed from for the accomplishment of any 
particular end ; and even in cases presenting evidence of an 
especial Providence, God works by second causes. Divine 
Wisdom may decree that a district or a country should be 
overwhelmed by the world of waters ; that another should be 
laid dry. The waters overpass their usual bounds, or retreat 
from the place they formerly occupied : but in so doing, they 
do not depart from their obedience to the laws of hydrostaticsf, 
nnd assume a higher level at that particular locality without 
some effective cause; they follow the hydrostatic law of yield* 
ing to partial pressure, and are either driven forward by the 
force or pressure of the wind, or, perhaps, are elevated by pres? 
sure from beneath, caused by the upheaving of the submarine 
floor, arising from the action of an eaithquake. What thus at 
flrst sight appears a deviation from established laws, will, on 
close investigation, be found to be only a different application 
of these very laws, made subservient, perhaps, to some especial 
purpose of Divine Providence. They are the ever-changing 
but unvarying responses of nature, which are prompted by the 
Creator Himself, and they are but the utterance of His immu* 
tability.” 

, It is, in fret, a reliance on the constancy of the laws given 
to liquid bodies, that imparts a sense of security to the inhabit* 
ants on the borders of the ocean. Many human dwellings are 
so situated, that were the sea to advance only in a trifling degree 
beyond its usual limits, they would be involved in inevitable 
destruction. And yet, even although the waters thereof may 
rage and swell,** tiie in-dwellers rest in peace and security. 
They, perhaps, may not be sensible that their security arises 
from the fret, that water obeys the hydrostatic Jaw of equal 
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Bf«ittifti], tobBae and gkodooi^ 

Mi1d» 9U(}Mtie» i>aioliig» free. 

1%6 oeeuS) doubtless, is subject to some fluetuatioBs i& its 
sm&ce^ and is frequently agitated by winds and by other 
causes, which occasion tem{>oraiy and partial changes in its 
lerel. These pertoibations, howeyer, cmly proceed from ^e 
tendency fluids to yield to the slightest partial pressure; 
and, in the case of the ocean, this pressure may arise from 
solid rocks which obstruct the free passage of its waters, from 
winds of greater or less force, or from the atmoq>here itself* 
The latter, as we have already seen, exerts a continual ayerage 
pressure on all parts of the earth at the sea-leyel,— and conse- 
quently on the ocean itself, — equiyalent to 14^ pounds fyt 
eyeiy inch square: and since the atmosphere is subject to 
variations in its density, some of the fluctuations occurrii^ at 
the surface of the ocean, may, perhaps, originate in atmo£pherlo 
changes. 

In the phenomena of wayes, we meet with an exempli- 
ficaUon of two of the leading principles of hydrostatics :->the 
yielding of fluids to the slightest partial pressure, and the 
equilibrium of fluids. Every passing breeze that agitates the 
mass of waters illustrates the former; and were it not for the 
counteracting forces opposed by the latter, the water would be 
driven onwards in one direction by the pressure of the winds^ 
and form currents, instead of waves. 

The action of the well-known instrument called the tiphon, 
or tppkon^ also depends on hydrostatic equilibrium. A siphon 
ccmsists simply of a bent tul^, as represented in the acoompa^ 
nying diagram, having one end longer than the other. To 
nae the siphon, the tube is, in the first place, filled with 
tmter or whatever liquid we may wish to tew off from the 
i^er vessel; and the open end of the longer branch I 
Wagr ^pped by tiie finger or by a cock, the water wiH 
net flow from the other extremity, owing to the preame 
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we are, theiefoie^ oUa ia tarn H ia. 
the leresBed pootion aa shown in th» 
diagianv without flpilliQg a dn>p of 
TOter. The shorter end m, ia thus ua- i 
mersed in the liquid to be drawn off^ 
and the finger being removed fiom the 
orifice at this will immediately begin 
to flow out from thence, and continue 
flowing until the liquid is drawn off to 
the depth of the orifice at the end of the 
shorter branch «. It might, at first 
sight, appear that, instead of depending 
on hydrostatic equilibrium, the action of 
the siphon formed an exception to that general rule ; for it will 
be evident, that at the top of the siphon the water rises ^ve 
the surface-level of the water in the upper vessel, and, there* 
fore, its equilibrium seems to be destroyed. The explanation 
of this apparent anomaly is, however, very simple, and, at the 
same time, highly illustrative of the effect produced by the 
pressure of the atmosphere. The &ct is, that when we fill the 
tube with water, the air is wholly excluded, and, therefore, 
there is no atmospheric pressure at t; but the ordinary atmo- 
spheric pressure of about 14^ pounds for every inch square 
presses on the water in the upper vessel : and so long as the 
height of the column of water in the branch extending firom s 
to ^ is not so great as to counterbalance, by its weight or pres- 
sure, that of the atmosphere, that is, about 33 feet, the 
atmospheric pressure on the water in the upper vesadl or 
tumbler, will force the water up into the tube; whilst, by its 
natural gravity, it will flow down the longer branch, and iasos 
forth in a continued and regular stream, until the whole of the 
water is drawn to whatever depth the end of the diorter 
branch may be immersed. It is absolutely necessary to have the 
branch from whidh the water is designed to issu^ than 

* Expantivt fluids, soch m stmoq^bsiie air,wa aay mmmbetf FWii 
•fiuJhr insg dixeotisM. 
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tbat immersed in the water to be drawn off; for if they werc^ 
of precisely similar lengths, the atmospheric pressure from 
beneath, acting upon the orifice of the former tube, would be 
equivalent to the atmospheric pressure on the water in the 
tumbler, and would exactly counterbalance it. In such a case, 
therefore, instead of the water pouring forth from that orifice, 
the no less striking phenomenon would be presented of the 
water remaining stationary in the tube, instead of flowing out 
from thence. The whole affords a singularly clear and striking 
example of the equid pressure of fluids in all directions ; and 
also of the downward pressure of water according to the length 
of its column : for, precisely in proportion to the length of the 
external, or longer branch, will be the impetus with which the 
water will issue. 

From the above description, it will be evident, that, although 
the siphon does raise water above its level, this is only effected 
by the removal of the pressure which otherwise would maintain 
it at its level ; and that, therefore, it forms no exception to the 
laws of hydrostatic equilibrium. 

The siphon is very useful for drawing off wine or any 
liquid, if it be required to remove the upper part without dis- 
turbing tlie lower. It is also generally used for drawing off 
water from flltering-machines, in which the water is filtered by 
percolating upwards through the stone, instead of in a down- 
ward direction. A filtering-machine of this kind forms so 
clear and striking an illustration of the tendency of water to 
And its own level, that some description of the wWe apparatus 
may not be v^ithout its utility. 

In the accompanying diagram, c is a cistern, filled, as we may 
suppose, with Water from the river Thames, which requires to 
be filtered ere it be fit for use : / is the porous filtering stone, 
through which the water is to pass upwards^ into the receiver 
5 is a reservoir ot barin into which the purified water is to 
conveyed, and a is the siphon through which it is to pass 
Uneu the one vessel to the other. The water in the cistern 
confined in all directions by the rides of the latter, and 
hekm fremsd from above by the weight of th^ atmoflphere^ 
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forces its way, in the act of finding its level, upwards, throng^ 
the porous stone into the receiver r/ and from thence it is 
removed, by means of the siphon, into the reservoir or basinj 



from whence it may be conveniently drawn for use* And, so 
long as the water in the supplying cistern is of sufficiently high 
level, so long will the water continue to force its way tl^ugh 
the porous stone into the reservoir. Filtering-machines of thi^ 
kind, possess considerable advantages over those which are con-^ 
structed on the principle of the downward filtering of the 
water; for the latter are liable to become speedily choked up 
by the deposits from the water, which necessarily all settle on 
the upper surface of the filtering-stone itself; whereas, in the 
filtering-machine above-described, the greater portion of sedi* 
mentary matter is deposited at the bottom of the cistern, and 
it is only the minute particles which are held suspended in the( 
water, that are arrested by the filtering-stone. 


CHAPTER VL 

FATUEAL DESCENT, OB FLOWING OF WATEB; IN STREAMS; AQUE- 
DUCTS; AND PIPES. 

That branch of hydrology which is distinguished by the teim 
h^raulics will form our next subject of consideration. 

The object of hydtai^cs is to investigate the meaiu 1^ 
which the motion of water is produced, the laws by which it li 





tfillMk oAmi^ te&a. It jmoot&i^ ttiite 
^ L ^ iMtov wiidSter fiowhig in pipes, fs$ai^ or xlvei!ii^ 
^i»li«tlier osdllating in waves, or wheiiier oppodng a resistance to 
ills progress of soUd bodies. It will be evident that this branch 



of OUT subject must therefore compdse much that is of CTireme 
practical utility : we may also add, that it includes much that 
is highly interesting, espeeially to those who delight to trace 
the causes of phenomena of daily occuirence, whether presented 
in the tutorai wodd, or in the application of the motion of 
fluids to medtfgiical and other uses for the benefit of man. 

The subject may be divided into three heads: first, the 
eHects which take place in the natural flowing of water through 
the various ducts or channels along which it is conveyed; 
secondly, the artificial means of producing motion in water by 
mechanical forces; thirdly, the power or force which may be 
derived from water in motion, whether that motion be produced 
naturally or artificially. 


The natural flowing of water^ and of all other liquids, arises, 
as we have seen, from the law of gravitation, common to all 
matter, combined wiUi the hydrostatic law of equal lateral 
pressure in all direcUons. The law of gravitation causes the 
water to descend to the lowest possible level, or in other terms^ 
causes H to make the nearest possible approach to the earth’s 
centre; and this, whether the descent be perpendicular, or 
nearly so, as in a calscade, or whether it consist only of an 
inclined plane of comparatively small slope, as in the bed of a 
river. The hydrostatic law of equal lateral pressure causes 
the stream of water, when once it escapes from its confinement, 
to flow onwards and spread itself on aU sides, where not 
obatructed by any impediment; filling up all the inequalities 
of the bed over which it passes, and forming a level, though 
itdSned Burfi»e ; thus proceeding on its course until it unites 
its watffls with those of some other stream, of a lake, or of the* 
mi^iily ocean' itsdf; unless indeed it mi^ be absorbed in the 
baniy lflce many of ^e rivers of Australia, or, in its attempt to 
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the hugest of which is about thirty or forty feet in diametea , 
The rapidity with which a stream flows depends partly on 
the slope or inclination of its bed, partly on the direction of its 
coarse, whkhw that be strught or winding, and partly on Cher 
volome or rnm of waters : and, accordingly, as these conations 
Taiy, so will the velocity of a stream of water vary, whether 
in a river, or in an artificial duct or channel of any kind 
Thus, in mountainous districts, rivers usually flow with con** 
siderable rapidity, frequently forming at first impetuous 
torrents, wholly unfit for navigation; but when they entekr 
more fiiat districts their character is changed, and they proceed 
across the level plain with a calm and majestic demeanour* 
When a river is very winding in its course, a great decrease in 
its rapidity will ensue ; for the numerous turns the river takes 
reduce the amount of the declivity of its bed, and at eveigr 
bend of the stream, the banks will present some obstacle to the 
flee flowing of the water. Such iireguiarities in the beds of 
rivers frequently produce eddies, and every eddy destroys part 
of the moving force of a stream of water. According to Major 
Eennell, the windings of the River Gangei^ in a course of eighty 
miles, are so numerous, that they reduce the declivity of the 
bed to four inches per mile, the medium rate of morion in the. 
stream not exceeding three miles per hour, the river at the 
time having a depth of about thirty feet. The same river, 
when full, affords an example of the increased velocity with 
which a stream flows when its mass of water is greater ; for at 
that period, the volume of water in its channel being increased 
to about three times its previous quantity, the motion of thk 
fiver is accelerated to five miles per hour. ) 

The flowing of water down .any descent is familiar to all, 
but this, as weU as other phenomena of nature, mi^ pass con^ 
tkmally before our eyes without our considering that it is the 
consequence of one of the fundamental laws of nators; 



tUmlMftiig pWaghiliam trkid in xakt 
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mi nho that^ la too mokt districtsi the 8ii|»eiabiuidani watem 
luiy be earned off by drainage; and thus, beudea numberlesa 
Other adraatagea^ extenaiye tracta of country may be reeo- 
Terad, ai^ rendered arailable for cultivation, and for the abode 
ofmatu 

In ancient timea, water condnita appear to have been con- 
Kbttcied aolely wiih reference to the descent of water, and 
^thout regard to the important principle of its finding ita 
levfh These works were therefore conducted at a very great 
expense, for, if a solid rock lay in the direction in which the 
water waa to be conveyed, it must either be penetrated, and 
an inclined tunnel carried through the mass, or perhaps a veiy 
circuitous route be adopted ; and if plains or valleys were to 
be crossed, raised aqueducts must be erected for the purpose of 
carrying the water from one elevation to another. Some of 
the ancient works of this description are very splendid, and 
remain to this day as memorials of the greatness of their con- 
structors. The artificial water-courses of the Greeks appear 
genendly to have consisted of excavations, and the introduc- 
tion of aqueducts raised on arches is considered as due to the 
Homans. As an instance of the former, we may mention 
some remains described by Colonel Chesney at Seleucia Pierea% 
In the Bay of Antioch. These remains present a series of 
extensive excavations, cut through the solid rock, partly con- 
inSting of regular tunnels, executed with great skill, and partly 
of a deep hollow channel of considerable width, but varying in 

• Thit city wm built by Seleucdh Nioator, to celebrate his Tiotory ovet 
b.c. 801 ; **bat,*’ observes Colonel Chesn^, "it has a much 

desffr interest to the Christian, from behig the qpot where Paul and Barnabas 
•mbailted inr Cypnm.*' 
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inngiilarly magnlfice&t fleale. llidr a^edoets aomlrted of a 
aenes of pien^ ootmetited by semi-ciroiUar aiehM» jd to fona 
One contlnnous line, on the eoinmit of which ihe condnit or 
channel for the water was placed, attenticm being paid to iho 
necessaiy inclination for the &U of the water. The condait 
had a pared or tiled floor, and walla of solid brick or maaoniy^ 
covered either with a transverse arch, or by a simple flat copings 
stone. The situation of the city of Rome, in the midst of a 
flat marshy plain, and the consequent deficiency of supplies ni 
good water, adequate to the demands of a vast and populous 
dty, probably directed the attention of the Romans to this 
subject, and thus led to the introduction of these raised aque** 
ducts, by which means abundant supplies of pure water migh^ 
be conveyed from distant sources, across the Campagna to the 
very heart of the city. 

The extent and importance of the Roman works of this 
description will in some measure be apparent, when we con- 
sider that Rome was fiimished with water from sources 
varying in distances fh>m thirty to sixty miles, and that at* 
one period of its history, no less than twenty aqueducts brought 
as many streams of water across the Campagna,— 

From yon blue hills, 

I>im in the clouds, the radiant aqueducts 

Turn their innumerable arches o'er 

The spacious desert, brightening in the sun; * 

Proud and more proud in thei^ august approach. 

The remains of these Eomple though splendid works, which 
still radiate in almost every direction from the city, may be^ 
ranked among the most interesting as well as most beautiful 
of the existing ruins of imperial Rome. Among the more, 
remarkable of these structur^ was the aqueduct of Quintus 
Martius. lliis commenced at a distance of thirty-three miles, 
&om Rome, but took a circuitous rout^ by which the leugUk. 
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Gf Hs GOUTB^ was much increased; and, fot the distance of 
^r^«eight miles^ it was carried along a series of archeSi at 
the elevation of about seventy fsei It consisted of three 
distinct channels placed one above another, and which con- 
veyed water from as many different sources. Another remark- 
able aqueduct was that called the Aqua Claudia, which was 
begun by the Emperor Claudius and finished by Nero.^ This 
aqueduct conveyed the water firom the distance of thirty-eight 
miles, and in part of its course passed through high ground, in 
which extenrive excavations were accordingly required, anff 
it thus formed a subterranean stream thirty miles in length, 
whilst in the remainder of its course it was si^ported on 
arcades. Such was the solidity of this magnificent structure, 
that it continues to the present day to supply the modem city 
with water. Another celebrated aqueduct was that which 
brought the waters of the river Anio to Borne, from the 
distance of sixty-three miles, and of which above six miles 
consisted of one continued series of arches, many of them 
upwards of one hundred feet in height. When aU the aque^ 
ducts of Borne were in action, the supply of water furnished 
to the city by this means must have been enormous, and is 
supposed not to have fedlen &r riiort of fifty million cubic feet 
of water daily. Modem Borne is abundantly supplied with 
water by three of the ancient aqueducts; which, however, 
have undergone repairs and restorations in recent times. 

Bemains of Boman aqueducts, of at least equal splendour, 
also occur in various other parts of Europe to which the 
Boman dominion extended. Among these the most cele- 
brated are the Pont du Gard, near Nimes, in the Department 
du Gard in the South of France; the aqueduct over the 
Moselle, near Metz; and the aqueduct of Segovia, in Old 
Castile. The Font du Gard (of which a representation is' 
here given,) was derigned to convey thC waters of the fountdn 
Aure to the town of Klm^ the ancient Nemausus. This 
siqueduct crosses the valley and the stream of the river 
GSordoo, uniting two steep hills by which the valley is bounded 
s% thhi plaoe. It consists of twoiiers of laige archei^^ lower 
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of which are eighty feet in span, and a third tier of Bmall 
arches, . which supports the trunk of the aqueduct. The 
channel for the water is above four feet wide and five deep, 
and is lined with cement three inches* thick, and covered 'with 
a thin coating of red clay* The whole work, with the excep* 
tion of the above-mentioned channel for the water, is built 
without mortar or any other cement; and its elevation above 
the bed of the river C^on is not less than a hundred and fifty 
feet. The river does not, in summer, occupy more than one 
of the arches of the lower tier; but during the winter floods,' 
its stream is swollen so as to occupy the whole. The extremi- 
ties of this fine structure are in a dilapidated condition, but 
the remainder is in a very good state of preservation. The 
aqueduct near Metz (the ancient Divodurum) extended across 
the Moselle, a river of considerable width at this place, and was 
designed to convey the purer waters of the little river Gorse, 
from the distance of eight miles into that city. The water 
was collected in a reservoir, from whence it was conducted for 
a considerable length by subterranean channels, which were 
fomled of hewn stone, and of such magnitude, that a man 
might walk in them upright. The arches on which the 
aqueduct was raised, appear to have been fifty in number, and 
fifty feet in height at the loftiest part. Some of the arches 
which stood in the river, have been swept away by the masses 
of ice borne down the stream, but those on the banks still 
remain in a good state of preservation. The aqueduct of 
Segovia, which was executed in the time of the emperor 
Trajan, is in a more perfect state of preservation than that of 
Metz; and like the Font du Gard, it is formed of huge stones 
united without cement. This aqueduct consisted of two rows 
of arches, the one above the other, the whole height of the 
.•edifice being about one hundred feet, and passing at a higher 
level than the greater part of the houses in the city* About a 
hundred and fifty of its arches yet remain. 

In more modem times, aqueducts have been constructed is 
.various countries. Some of these water conduits, like those 
of the Greeks^ conrist of excavations or channels cut of the 



79 ▲^TEDUCT AT AB«H» 

aiSM TOok^ is ib» tqnodiiet recently' aiseorered at tlm 
anee celebrated town of Aden^ on the coast of Aiabb. This 
aqnednet extends upwards of eight miles into the interior, 
mdi is bnilt of red brldk and stone, being about four feet 
iix inches in width, whilst the ' inclosed water-conrse mea- 
•nres nineteen inches by sixteen. There are no remains of 
arches, and the genend appearance is that of a mound about 
five high, and bricked OTer*. It is supposed to have 
been the work of Suleiman the Magnificent, who flou- 
rished in the beginning of the dxteenth century. The once 
fibnrishing Aden is now, however, a heap of ruins ^ the 
aqnednct no longer conveys wholesome water to the spot, and 
tibe brackish and almost undrinkable water at present met with 
in Aden, forcibly indicates the vast importance of this mode 
of supplying the city with that liquid from a more remote 
source : and probably good water may have been thus 
brought to Aden from the neighbouring valleys, some of the 
springs in those localities being remarkable for their purity 
and excellence. 

One of the most remarkable aqueducts constructed on 
arches in modem times, was commenced by Louis XIV., in 
1684, for the purpose of conveying the waters of the river 
Eure to Versailles. It extends about 4400 feet in length, and 
is upwards of 200 feet in height. It contains 242 arcades, each 
divided into three rows, forming altogether 726 arches of fifty 
feet span. 

There am, however, serious inconveniences attending this 
kind of conduit; for, if the spring from which the supplies 
are to be derived, be situated at a great distance, the work can 
only be effected at an enormous expense. If again, the source 
riiould be situated at a considerable elevation, and in the near 
vicinity of the city, the inclination or slope would be such as 
to cause the waters to flow with so gieat a degree of velocity, 
that it would endanger the safety of the whole fabric ; for, cm, 
any slight increase in the volume of water, the pressure w<^d 
ba so great, that the covering arch, or stone coping of tint 
•* Fntil veij recently, thii aqueduct was regarded os the remains* of ik 
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fHuameT, wovld be Mown up, or bufst ^ abd eerious ^imdatioai 
woirld oocur in the country across whidi tile aqnedact was 
carried. To remedy, or rather to aroid ihda evil, and to 
rednee the €ow of the water to a proper vdocity, the stream^ 
under sneh circumstances, must be earned in a dreuitoua 
direction, so as to expend, in a greater lengtii, the excess of 
devation of the source from whence the water is deriyed. 

Modem science hai^ howeyer, put a stopto theconstmotami 
of tiiese magnificent but expensiye &brics, which are now 
almost wholly superseded by the introduction of the less 
picturesque, but far more generally available conduits-easl- 
iron pipes. But it is in fact the knowledge and application 
of the hydrostatic law of the equilibrium of water, that have 
given the death-blow to these erections, and led to the very 
general and continually increasing introduction not only of 
pipes to convey water on hydranlic prindples from distant 
sources, hut also of artesian wells in mdny districts where 
until this principle was brought into practice, no pure water 
could be obtained. 

When in an open channel, water will, as we have seen> 
descend by its gravity to the lowest possible level it can reach. 
If, however, we wish to take advantage of its tendency to 
preserve a level snrfhce, we must not allow it its full liberty, 
but confine it in pipes or other ducts ; and in this case we shall 
find that it will re-ascend to very nearly the same level, as that 
from which it originally started ; on the same principle that 
water will extend into all the different branches of a vessel 
as shown in the diagram, page 64; the difference in its 
attaining precisely the same level, being accounted for by the 
peculiar conditions in which it is placed. Upon this principle, 
therefore, water, if confined in pipes, may be conveyed from an 
elevated source, caused to descend into a valley, after traversing 
which it may asc^d a second elevation, without the aid of 
mechanical power, or any artificial means, and solely by its 
natural tendency to assume a level surfiMse. This is realised on 
a large scale in the of the Turks. The term 

amtSrwsi signifies equilibrium of wi^r, and is justly applied,** 
abserves M. Arago, ** by the Turks, to theeondmt pipes which 
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of bricky or of metal, whicih are laid down so as to follow 
|he D^iilaUons of the ground, across which the wateiHsoiixse 
ts to be carried. They are sometimes carried for seTeral miles^ 
alopisig down the decliyity of one hill, in which the source is 
ritnated, extending across a plain, or valley, and there following 
all the undulations of the surface ; then, perhaps, crossing the 
summit of a second hill, traversing a second valley, and finally 
ascending a third eminence, and there discharging the required 
supply of water, at an elevation little inferior to that of the 
source on the first hill* The whole being effected, as will he 
evident, solely by the natural lateral pressure of the water, 
fuad its tendency to find its level.” 

In our own country we have no specimen of a regular 
aqueduct, in the proper acceptation of the term ; and in ancient 
times the citizens of London appear to have contented them- 
selves with the supplies obtained from the Thames and fix>m 
various other streams of smaller size, such as the Fleet and its 
^tributaries, which flowed into the Thames, at no great distance 
from the present Blackfriars Bridge, but the very existence of 
which is now scarcely known, though the locality is still 
indicated by the street which bears the name of that ancient 
streamlet Holboume was undoubtedly the name of another 
rivulet, and the so-called Holbom-bridge, may be considered 
as marking the spot where in olden times a bridge extended 
across this small tributaiy of the Thames. Water-carriers 
were employed, who brought this necessary of life from these 
various sources, probably, however, not always of the purest 
kind. Some supply was doubtless also obtained from wells 
and fountains ; but in those days, the construction of these 
works was too expensive for them to be by any means genera^ 
and they were principally confined to the gardens of the 
religious houses, and a few public localities. As the city 
Increased in size, and its streets extended to a distance from the 
river, the mode of obtaining supplies of water by means of 
water-carrier^ became inadequate to the wants of the inha- 
hitants, and was also attended with great inconvenience. By 





lUgieesi the meH tnlmisriee to the Xliaaie^ pitiMAy at io 
poiod of mxkfAk importanoe^ loet their dmneter of etieamfl^ aaid 
passing ,88 they did through a thickly inhakted city, becai^ 
converted into unseemly ditches^ the water of which v^ 
wholly unfit for use. In order^ th6refbie» to obtain supplies 
of purer water, modes were devised of famishing the city with 
that all-important article from more distant source^ and 
conduits were accordingly erected. The first of these oonduita 
appears to have been introduced during the reign of Heniy 
the Third, in the year 1236, at which period water was brought 
into the metropolis from the village of Tyburn, the site of the 
present Connaught Place. To accomplish this object, nine 
wells * were sunk at the latter place, and the water was 
conveyed from thence into the city by means of leaden pipes ; 
and, owing to the elevation of the village of Tyburn above the 
city, the declivity was sufficient to admit of its passing from 
^the one locality to the other, by the natural flow of the water. 
This attempt was soon followed by others, and water was 
brought in a similar manner from Islington, Hackney, Hoxton, 
and other places. Towards the end of the sixteen^ century, 
water was also raised from the Thames by means of machinery, 
and yet, notwithstanding all these modes of obtaining water, 
a scarcity of water was still experienced in the continually 
increasing city. It was not, however, until the year 1613, 
that any really important water-course was formed; at that 
period — 

• • • From Chadwell's spring 

To London's plains, the Cambrian artist brought 
An ample oqueductf. 

This aqueduct, known as the New River, derives its prin- 
cipal supplies of water from a copious spring at the villa^ of 
Chadwell, which is situated between Hertford and Ware, wd 
from the Amwell, a small stream, a tribute of the River Lea, 
the source of which is also near the former. These united waters 

* Those wells were still retained by the city of London until the beginning 
of the last century. 

‘ t Sir Hugh Middleton, who accomplished this grand undertaking, was a 
natiTO of Wales. 
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M ^ondneted by an artifidal channel^ in soms parts raised by 
dykes and embankments veiy eonsideiably abcwe the lev^ 
tf the oonntry it travenes, and in others passing thiongh 
axaaYaUons bdow the surface of the ground. This channel, 
which is nearly forty miles an length, terminates in four 
reservoirs, situated at Olerkenwell, and known by the name of 
the New Elver Head. From this point there is sufficient &11, 
Ibr the lower parts of the city to be supplied by the natural 
descent of the water, and thither it is accordingly conveyed in 
pipes. To accomplish supplying the more elevated parts of 
the city» and also the raisbg of the water to the upper fiom 
of houses, a powerful steam-engine is employed to force the 
water upwards into more elevated reservoirs, which frpm their 
greater height, and the tendency water haa to find its level, 
admit of the ascent of the liquid to proportionate elevations. 
By this means a veiy considerable part of the city of London 
is supplied with good water from a distance of nearly forty ^ 
miles, and this, diiefly by the water’s natural gravitation, and^ 
with veiy little expense, besides tlie construction of the 
ohgnR^ ttod conduits through which it is conveyed. The 
quantity of water daily supplied to the metropolis from this 
souzoe is very great, being about two million cubic feet, 
or more than thirteen million gallons of water. 

The total quantity of water required for the daily supply 
of all the inhabitants of this vast city, and for the use of the 
various manu&ctories, including a certain portion which 
always runs to waste, however, greatly exceeds that quantity, 
being considered not to be less than thirty million gallons. 
The New River, therefore, is not by any means adequate to the 
demand, and the remrinder is derived from the River Thames ; 
a large portion of the latter being delivered at very considerable 
silevBtioDS iJ)ove the level of the river, by means of steam« 
saglnes. The above-mentioned quantity of water spears 
anonnoufl^ and there can be no doubt that the numema 
WMbitants of London could exist with a far smaller supply; 
i^s abundmice is, however, highly advantageous^ and veiy 
coniiimva to the general health of the metr^lis ; for, owing 
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to the iMge portion of water continuallj soffered to nm to 
waste^ the deansixig of drains and sewers Is effectually aocom* 
plished; and the importance of onsuring laxge suppto of 
water in case of fire, is too obTions to be dwelt upon. 

The arrangement and construction of pipes, and other 
ducts, for the conveyance of water, is an object of considerable 
importance. It is requisite that they should possess a su£i« 
cient degree of indination for the water to flow &edy ; but at 
the same time core must be taken not to impart to them an 
excess of inclination, because, in the latter case, the water 
would flow with too great velodiy. The linear disposilion 
of pipes forms another important consideration in the artificial 
conveyance of water. It will be obvious, that water and other 
liquid will flow more freely through a pipe carried in a 
strdght line, than through one having numerous curvatures; 
for every turn or bend in a water-pipe causes some obstructioA 
^to the pr(^es8 of the fluid. In very many cases, however, 
such bends are unavoidable; and aU that can be done is to 
attend to the construction of the pipes, so that they shall offsr 
the least posdble resistance. And since it appears that the 
more acute the angle, the greater will be the obstacle to the 
free flowing of water, it will necessarily follow that a large 
sweep or curve is the best form that can be adopted, where 
such a bend is required. 

Another impediment to the free flowing of water is the 
friction it encounters from the channel or pipe along which it 
passes. For, though the obstruction which water encounters 
from rubbing against the sides or beds of channd^ does not at 
all approach in force to that encountered by solids, it is of 
sufficient amount, to render it an object of importaaee in allow- 
ing for the vdocity of the diacharge of water, throogh pipes of 
any great length. This can only be obviated, by rnMng pipes 
of larger dimensicms than would otherwise be requiiad; fi>r, 
sinoe the friction, and consequent resistance, only takes place 
at the sides of the pipe, and not In the centre, the water which 
Is in contact with the sidea^ moves less rapidly than that in the 
centre. therefore, we wiih water to flow through a pip^ 
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at the rate of fourteen inches per second, and give it a corre- 
sponding inclination, we must also take care that the pipe be 
of sufficient bore, to admit the required supply of water to pass 
through the centre, and not wholly to fill the pipe. The 
river Neva, when covered with its annual coating of ice, 
resembles a vast pipe, through which the water flows; and 
the experiments of M. Raucourt have shown, that it is subject 
to the same laws as those displayed by water passing through 
pipes. The river, in the locality where the experiments were 
made, is 900 feet in width, and the greatest depth is 63 feet. 
In this mighty pipe it was found that the maximum^ or 
greatest velocity of the water, which was two feet seven 
inches per second, occurred in the centre of the stream, and 
midway between the top and bottom. Near the top, the 
retardation caused by the friction against the ice, reduced the 
velocity to one foot eleven inches per second, whilst near the 
bottom it did not exceed one foot eight indies per second. 

In short pipes, or channels of any kind, the friction against 
the sides causes the water to flow with an unequal motion in 
the different parts of the pipe; but when it flows through 
pipes or canals of sufficient length, the resistance is counter- 
balanced by the force of gravity, and unifonnity in the motion 
of the stream is thus produced. 

Besides attending to the construction of pipes, we must, if 
we wish for a rapid discharge of water, attend also to the form 
of the orifice through which it issues. Now, if we were 
desirous of emptying the water with the 
greatest possible rapidity, from a vessel or 
reservoir, we should find that the volume 
or quantity of water, flowing from a round 
hole at the bottom, would not be so great, as 
that discharged through a short pipe affixed 
to, and projecting from, the cistern, as repre- 
sented in the accompanying diagram. But, 
if we would effect the most rapid possible 
exit of the water from the vessel or reser- 
voir, we shall accomplii^ this by terminating 
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the short pipe, in a curve similar to that 
figured in the annexed diagram. If, how- 
ever, in either of the latter cases, the pipe, 
instead of only projecting externally from 
the vessel, were to be extended within it> 
no such effect would he produced ; hut on 
the contrary, the increased velocity gained 
by the addition of the pipe would he more 
than counterbalanced by the opposing cur- 
rents of water, which would strike the 
bottom of the vessel, on either side of the portion of the pipe 
extending within it. For the rapid discharge of any liquid 
from an orifice of similar dimensions, it would thus appear, that 
there is no form superior to that of a common water caraff, or 
wine-decanter. 



CHAPTER VIL 

PHENOMENA OP SPRINGS; AND OP ARTESIAN FOUNTAINS. 

Tue same forces— the natural gravitation of water, and its 
equality of pressure — ^which, as we have seen, cause the water 
to pass by means of pipes, often of considerable length, from 
elevated reservoirs to the upper floors of houses, first descend- 
ing and then re-ascending, and which are also exhibited in 
tlie sauterazis of the Turks, give rise to artificial jets d'eau, as 
likewise to natural springs and fountains. The soiiterazis 
before described, may assist us in illustrating the phenomenon 
of artificial jets d*eau. Let a pipe be arranged in the same 
manner as is practised in those Turkish water-conduits ; that 
is, descending from a hill, and extending across a valley or 
plain. But, instead of ascending a second hill, let the pipe 
terminate abruptly in the middle of the valley. Let an orifice 
be then made in the upper surface of the pipe, and we shall 
find, that the w’ater will spring up out of it in a vertical dircc- 
tion, the height of the jet or fountain being in proportion to 
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that of the sheet or reservoir of water, from whence it is 
supplied. The external jet or play, of the water, would 
therefore be highest in the lowest part of the valley, owing to 
the greater comparative elevation of the reservoir above that 
q)ot ; and if we were desirous of obtaining a jet of water of 
equal height half way down the hill, we must raise our reser- 
voir to a corresponding elevation above the latter locality. 
Such, in fact, is the mode of operation of all fountains of 
water, whether natural, or of artificial construction. 

Turning to the natural world, we find vast reservoirs 
existing in the interior of the earth, an abundant supply being 
thus provided for the benefit of the creatures of God’s hand, 
though, perhaps, of more especial utility to man. If, how- 
ever, these reservoirs of w^ater perpetually maintained their 
position in the interior of the earth, and were never to emerge 
to the light of day, their utility would not be so apparent. 
Such, however, is not the case. Some of these reservoirs, it is 
true, may remain undisturbed until the ingenuity of man 
may devise modes of arriving at these hidden treasures ; but 
so soon as they can obtain an outlet, they are ready to obey 
the laws of nature, and rise to the surfece, or within a short 
distance of it, according to the elevation of the sheet of water 
by which they are fed ; or, in other terms, according to the 
height of the column of water which presses upon them. 

But the question may, perhaps, arise, How are these sub- 
terranean sheets of water formed, and what reason is there to 
conclude that such pressure is exerted? To this inquiry an 
answer is aiforded by the researches of the geologist. It 
appears that the earth’s crust is, in most parts, composed of 
numerous alternating strata, some of which, such as sand, or 
gravel, are permeable^ that is, are porous, and, consequently, 
freely admit the passage of water through their substance; 
whilst others, such as granite, clay, &c., are impermeable^ or 
will not allow of its passage. If, therefore, rain fall on a bed 
of gyavel or sand, resting on a substratum of clay, the rain will 
idnk through the interstices of the former, untU. it reaches the 
clay, which will arrest its further progress, and form the 
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bottom of this natural reservoir. Under such circumstances^ 
all the interstices of the lower part of the porous bed would 
be charged with a subterranean sheet of water. If the strata 
were arranged in a strictly horizontal position, the water woxtld 
fill this bed, and might extend for a vast distance, whilst we 
should have no means of obtaining access to it on hydrostatic 
principles, and it would maintain its position in the interior of 
the earth, perhaps flowing onwards in a slow subterranean 
stream, until it arrived at some natural cliff which afforded it 
an outlet, when, from its natural gravity, it would gush forth. 
An instance of such a spring is mentioned by Captain Fitzroy, 
as occurring on the banks of the Rio Negro, in Patagonia. 
The banks of this river rise in that locality like a perpendicular 
cliff, 100 feet in height, of which the lower portion, to the 
height of about 60 feet, consists of a bed of clay, whilst the upper 
portion consists of a bed of sand and gravel. At the point of 
junction, that is, at the upper surface of the clay, and the 
lower region of the gitivel, a copious spring gushes out from the 
cliff, forming a natural jet d’eau, pouring forth with considep- 
able impetus into the river, though varying, of course, according 
to the depth of the supply of water in the subterranean sheet. 

If, however, such a subterranean sheet of water, instead of 
arriving at a cliff, open to a river, or to the ocean, were to arrive 
at, or terminate in a mass of impervious rock, such as granite or 
clay, the water would be prevented from extending further ; 
80 that, if quite horizontal, and having no free outlet, it would, 
instead of gushing forth as a spring, accumulate and become 
stagnant, forming a marsh or swamp, or, perhaps, an almost 
inaccessible subterranean sheet of water. But although occa* 
sional instances may occur of flat horizontally disposed strata, 
this is by no means the most general arrangement of the beda 
on the earth’s surface ; for, in this case, we must suppose the 
permeable bed to be uppermost, because otherwise no rain-water 
would ever enter into the interior of the earth, but would sweep 
over the surface in torrents, not unfrequently perhaps destroy- 
ing whatever might lie in their course, and thus proving inju- 
rious^ instead of beneficial to the face of nature. In the greater 
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number of instances, however, we find, that though the strata 
sometimes maintain a horizontal direction, for a considerable 
extent of country, in other parts they are considerably inclined, 
or even placed perpendicularly to the horizon, presenting the 
appearance of having been rent and thrown out of their natural 
position by the action of a powerful force from beneath ; and 
by such means immense basin-shaped valleys have been 
formed, the consequence of which is, that the edges of the 
strata are often exposed, in the flanks or rim of the basin, to 
the action of the atmosphere. The London Basin, or the 
valley in which the city of London stands, will form a good 
illustration of this arrangement of the strata. 

It will be sufficient for our purpose if we take one side of 
the basin, which will enable us to give it on a larger scale. 

In the vicinity of the metropolis, the London clay, it will 
be observed, fills up the hollow or depression, forming the 
upper stratum or bed. This being impervious to water, the 
consequence is, that a large portion of the atmospheric water 
which falls on this surface, instead of sinking to any depth, 
drmns off to the most depressed portion of the stratum of the 
London clay, which, in fact, forms the bed of the river Thames, 
lending its aid in increasing the magnitude of the river. The 
stratum immediately below the London clay, it will he seen, 
bears the name of Plastic Clay: this formation is not, however, 
wholly impermeable, but contains, in some parts, beds of coarse 
gravel and sand, alternating with the clay, and forming subter- 
ranean reservoirs of water. The plastic clay extends as far as 
Famborough, and the substratum immediately below the latter, 
consists of a bed of chalk, which, it will be seen, passes under 
the city of London, beneath the beds of London clay and plastic 
clay, but which rises to the surface, and constitutes the high 
ground in the neighbourhood of Morant’s Court Hill, This 
mass of chalk, which is no less than 700 feet in thickness, is 
permeable to water, as is also the subjacent Upper Greensand, 
(called likewise ironstone and firestone). These strata, how- 
ever, rest upon a stratum of gault or blue clay, which is reten- 
tive, or impermeable to water, and, consequently, arrests its 
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progress, and admits of an accumulation of water in the whole 
area between the London or the plastic clay, and the blue clay. 
And since a large portion of the chalk crops out, or comes 
to the surface, between Farnborough and Dunton Green, as 
well as in all the other localities which form the chalk-margin 
of this large basin, an opportunity is thus afforded for the 
entrance of snow and rain-water through this permeable stra- 
tum. And further, owing to the sloping form of the basin, 
the liquid will naturally descend to the lowest point, that on 
which the city is situated; forming in that locality, a vast 
reservoir, which, being protected from evaporation by the 
covering of clay, suffers no diminution of quantity by natural 
means. It will be seen, that beyond the region of gault, or 
blue clay, another stratum succeeds called the Lower Green- 
sand : this is again permeable; but is succeeded by that called 
the Weald Clay, which is impermeable. These strata also 
take the same direction, apparently forming portions of the 
great basin ; and we may, therefore, conclude that beneath the 
gault, a second subterranean reservoir of water may exist, fed 
by the supplies received from the atmosphere at River Hill, 
Knowle Park, Sevenoaks, and the adjacent country, in the same 
manner that the chalk reservoir receives its supplies from the 
high ground at Morant’s Court Hill, &c. 

These vast reservoirs accumulated beneath the city of 
London and its vicinity, would, however, be of little avail to 
its inhabitants, were it not for the hydrostatic principle of 
equal pressure; for the London clay is in many parts of great 
thickness, and if it were requisite to sink wells and to draw 
up water from the depth of 300 feet or more, the labour would 
render the task a very unprofitable undertaking. But, owing 
to the equal pressure of water, and its natural tendency to find 
its level, if we penetrate through the bed of clay, so as to 
enter the chalk reservoir, the water, on meeting w’ith an outlet, 
is found to rise up, exactly in proportion to the elevation and 
consequent pressure of the water contained in the clialk stra- 
tum ; so that, if the water were on a level with the dotted line, 
we should find that it would rise to the surface at Deptford, 
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Lewisham, and Southend ; but would not rise to the surface 
at Bromley. And if the surface of the ground in any part of 
the basin should be low^ than the dotted line, then, not only 
would it, in finding its level, merely reach the surface, but 
would naturally rise higher, thus causing a perpetual jet or 
fountain of water. Such is the principle on which Artesian 
Jbmtains, or teelis, are constructed ; these being in fact, nothing 
more than vertical perforations of small diameter, made through 
the upper strata of the earth, and carried on, until a subter- 
ranean sheet of water is met with, which will give rise to 
perpetually flowing fountains. It frequently happens, that 
after passing through hundreds of feet of retentive soils, a 
water-bearing stratum is at length pierced, and the fluid then 
immediately ascends to the surface, and flows over. The first 
rush of the water up the tube is often very violent, and the 
water for a time is thrown up to a considerable height, playing 
like a fountain ; but, ere long, it ceases to rise with similar 
force, and continues to flow more tranquilly. This violent 
spouting of the water on its first finding an outlet, is consi- 
dered to be owing to the disengagement of air and carbonic 
acid gas, both of these having been observed to bubble up 
with the water. To prevent the sides of the bore from falling 
in, and also to avoid the spreading of the ascending water in 
the surrounding soil, a jointed pipe is introduced, which is 
usually formed of metal. 

These wells have obtained the name of Artesian, from the 
attention that has been paid to their construction in the 
province of Artois, the ancient Artesium. The oldest Artesian 
well known to exist in France, to which at least any certain 
date can be fixed, is in the convent of the Chartreux at 
Lillers, in the department of the Straits of Calais, which is 
said to have been formed in the year 1126 . Lillers is situated 
in the midst of an immense plain, where not the most insig- 
nificant hill is to be seen on any side. In tblwj and similar 
cases, we are led to inquire from whence are derived the 
elevated supplies of water, by the hydrostatic pressure of 
which, the water in the subterranean reservoir beneath the 
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plidiiy is caused to ascend to the snrfaoe. ^ The^ 
aoogbV’ obsetres M. Arago^ tliis be necessary J 
Biiiits of view; at the distance of fifty, a hn 
hundred miles; or even yet farther.” The 
subterranean sheet of water, three hundred miles 1 
by no means beyond the range of probability, 

Ideological arrangement of the S^»ta is conti 
utance which is obserted frequently to occur 
extent of counfry.’ ^ 

Vaiioiis ^rfridaa wells have been fiirmed in the Lmideu 
Bonn; one of.the earliest mi record in this district, appeiB!is4o' 
be that situated in the grounds of Norland House, near Holland 
House, Kensington, which was made in 1744. It is, however, 
only within the last fifteen or twenty years, that the process of 
boring has been carried on to any extent in this locality ; and 
several very important perpetual fountains have been formed 
during that period. Thus, in 1824, an Artesian well was 
formed in the grounds of the Bishop of London, at Fulham, 
near the river Thames. The bore was carried to the depth 
of 317 feet, passing through 250 feet of the tertiaiy beds of clay, 
and being continued for the additional 67 feet in the chalk. 
On reaching that depth, the subterranean sheet of water was 
met with, and the liquid accordingly immediately rose to the 
surface, the discharge being above fifty gallons per minute, 
or nearly forty thousand gallons daily ; and in the season of 
drought which occurred in 1825, this valuable fountain con- 
tinued to yield abundant supplies, when nearly all the other 
sources in the neighbourhood totally failed. Another Artesian 
well was formed in the garden of the Horticultural Society, at 
Chiswick, in which case the borings were carried to the depth 
of 329 feet; whilst in one which was made in the grounds of 
Sion House, belonging to the Duke of Northumberland, 
situated at no great distance from the latter place, hut at a 
greater elevation, the borings were carried to the depth of 620 
feet. In the latter case, the bore penetrated to a greater depth in 
the chalk, and must in all probability have entered a different 
sheet of water, for, notwithstanding the greater elevation of the 



the lower greensand, there is every reason to suppose that we 
should arrive at a second vast reservoir. The great depth to 
which the bore must he carried to accomplish this, probably 
about 1200 feet, would, however, render this an undertaking 
of great expense and labour, and so long as abundant supplies 
are obtained from the chalk reservoir, the attempt is not likely 
to be made. 

The Bupra-cretaceous, or tertiary strata, that is, all those 
formations which are situated above the chalk, constituting the 
plastic clay and London clay, do not, however, wholly consist 
of beds of impermeable clay, but in some paids present alter- 
nating beds of sand and gravel. In such cases, though on 
a comparatively small scale, internal sheets or reservoirs of 
water occur, which, like the vast reservoir accumulated 
beneath the London clay, are ready, as soon as an outlet is 
afforded them, to spring or rise up either to the surface, or 
within a greater or less distance from the suiface, according to 
the elevation of the reservoir which fonns their source. It 
is from such accumulations that the ordinary wells in the 
London Basin are supplied; but as these are smaller sheets 
of water, and are also more immediately dependent for their 
supplies, on the rain or snow which descends in the London 
Basin itself, they are liable to fall short, and even sometimes 
to fail altogether, after a long continuance of dry weather. 

In some parts of France, the tertiary formations corre- 
sponding to those of the London Basin, not only contain a 
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greater number of alternating strata, but also are arranged in 
more extensive basin-shaped valleys ; and in such localities, an 
admirable opportunity is afforded of observing the successive 
internal reservoirs of water, occurring at different depths. 
Some works were commenced near St. Nicholas d’Aliermont, 
a short distance from Dieppe, in search of coal. This search 
proved fruitless, but the boring brought to light the remarkable 
fact, that there existed in that locality, no less than seven 
successive large and abimdant sheets of water at different 
depths. The respective depths were as follow:— 


1st sheet, situated at about 

Feet. 

90 

2nd . . 

328 

3rd 

580 

4tli 

700 

Sth 

820 

6th 

940 

7th 

1090 


From idl these sources the water rose to a considerable 
height, and the water from the seventh sheet, which, as we have 
seen, occurred at the depth of nearly 1100 feet, rose quite to the 
surface. Since the object of the search in this case was coal, 
and not water, the works were abandoned, but an inunense 
Artesian well was thus undesignedly formed. 

Artesian wells cannot be successfully formed in all situa- 
tions; for it will be evident, that unless alternating layers of 
retentive and porous strata occur, internal reservoirs, if they 
exist at all, will only occupy occasional crevices and fissures, 
and consequently not give rise to copious springs or fountains. 
But it sometimes happens, that even in apparently fiivourable 
localities, borings for water are not attended with success. 
Thus, M. Arago mentions that a well was bored at Bethune, 
in the department of the Straits of Calais, which, after having 
been carried through seventy feet of earth of recent formation, 
and thirty feet of calcareous rock, brought to light a beautiful 
dear spring of water. In ‘^^j^rden of the contiguous pro- 
prietor, a similar attempt was m^e with full confidence of 
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snccess; but^ notwithstanding the boring was continued to a 
much greater depth in the calcareous rock, it proved an entire 
failure, for not the slightest indication of water appeared. 

To explain this apparently unaccountable difference, we 
may suppose, that between the first and second spot in which 
the borings were carried on, a dislocation, or shifting of the strata, 
had occurred, by which the continuity of the calcareous bed 
had been interrupted. Dislocations of this kind, which are by 
no means unfrequent in stratified rocks, are geologically termed 
Faults, These faults appear to be occasioned by some convul* 
sion of nature, which has caused the disruption, or rending 
asunder, of the whole mass of strata, and the subsiding or 
sinking of the one portion, or else the upheaving or rising of 
the other; in consequence of which, not only are the strata 
not on the same level, but a fissure or crevice is formed, which 
not unfrequently becomes filled with clay, and thus effectually 
prevents the passage of the water from one portion to the other. 
By way of illustration, let us imagine two individuals placed 
in the situation of the landed proprietors at Bethune, supposing 
the one to reside on the right hand, in the accompanying diagram, 
and the other on the left. The first proprietor bores for water. 



through the upper soil of recent formation a, and the London 
clay cl, into the chalk ch. The latter, being chaiged with water, 
and having a slight declivity towards this spot, a copious spring 
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gushes up> and since the supplying source has a considerable 
elevation above the surface, the Artesian fountain rises to an 
equivalent height above the ground, forming a perpetual jet 
d’eau. The proprietor on the left, being aware of the success 
which has attended his neighbour’s attempt, determines to bore 
for water also on liis estate, the surface of which consists of a 
stiff clayey soil, retaining the atmospheric water in little pools, 
and affording no good drinkable water. He accordingly bores 
into the same stratum, from which his neighbour had obtained 
a copious supply of excellent water ; when, to his utter amaze- 
ment as well as disappointment, not the smallest gush of water 
makes its appearance. He is at first quite at a loss to account 
for this difference, for he considers, that since both his and his 
neighbour’s estates are situated on the declivity of the same 
basin-shaped valley, there w'ould be every reason to expect 
that the same plienomeua would present themselves; nay, 
since his land was lower than that of his neighbour, it might 
rather be supposed, if any difference existed, that the former 
would be more charged with water than the latter. He is also 
aware that an abundant natural spring rises at no great distance 
from the spot, in the grounds, perhaps, of a thii’d proprietor. 
Desirous of ascertaining the cause of this apparent anomaly, he 
has recourse to geological investigation, when the whole mys- 
tery is at once unravelled, by the discovery that a fault 
occura at the line of junction, between his and his neighbour’s 
estate. The fissure caused by the fault has been entirely filled up 
by clay, in consequence of which the vrater pouring down from 
above cannot pass that barrier; though, at some little distance 
off, in the line of the fault, it meets with an outlet, and gushes 
forth in a natural spring. He thus perceives, that an Ai*tesian 
well, fonned on the upper side of the fault, would produce acopious 
supply of water, whereas, if a bore be carried into the chalk 
below that line, not a drop of w^ater might be found to rise to 
the surface ; for the latter portion being effectually debarred from 
receiving any supplies of rain and snow, by the superincumbent 
bed of clay, and bounded on the upper side by the clay-lined 
fault, no water can accumulate in the interior. And even such 
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ffmiJT portions of water as suglit find their way throng^ 
crevices into the chalk, would, on aceoimt of the sloping 
direction of the strata, druii: or flow off tcowk thence to» the 
lower parts of the basiiu 

We have dwelt at greater length on this snbject, beoanae 
the circumstance of faults or fissures occurring in the earth, 
filled with clay, or other impervious materials, and thus arrest- 
ing the progress of subtenanean waters, not only affirrds an 
explanation of the differs^ occasionally observed in boring for 
Artesian wells, but also of many of the phenomena of i^imgs^ 
to which we shall direct our attention in a future page. 

The practical utility of Artesian wells has been more espe* 
cially experienced in various flat districts, where good water 
could not be obtained from wells near the sur&ce. Thus, in 
the low coast districts of British Guiana, the upper springs 
are all brackish, and the inhabitants were, until very lately, 
dependent on the rains for their supplies of water, and con- 
sequently were liable to suffer much from scarcity of that 
important article, during the dry season, at which period no 
rain falls for three months. Artesian wells have, however, 
been sunk, and an abundant supply of excellent water obtained, 
by which means that rich and fertile tract has been rendered 
far more healthy and fit for man’s abode* For instances of 
the great benefit derived from Artesian wells in fiat and marshy 
districts, we need not, however, have recourse to distant 
regions of the globe, for our own country will afford us 
abundant evidence of this fact. Thus, in the neighbourhood 
of Louth, in Lincolnshire, no springs of drinkable water 
existed, until it was discovered, that by boring through the 
upper stratum of clay into the subjacent chalk, good water 
might he obtmned. Artesian wells, locally called ** blow- 
wells,” were therefore constructed, and an abundant supply 
has thus been obtained, riring incessantly to the height of 
several feet above the surfiKse. 

But perhaps there is no part of the world where Artesian 
wells are more useful, or more general, than in Essex, Not 
only m the marshes, but also along the coast of that county, 
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as well as in the islands belonging to it, these wells hare 
proved of the greatest utility and importance. Formerly, in 
some seasons, the ditches or channels of water were quite dried 
up, so that the fish perished, and the cattle suffered so severely 
for want of water, that the farmers sustained very great losses 
in their stock. But now, by the aid of Artesian wells, the 
ditches are kept full all the year round, and the farmers and 
landlords greatly benefitted accordingly. Thus, in Foulness 
Island, there are no natural springs, and until lately, no 
water (except atmospheric, which was collected in ponds and 
ditches,) was to be met with. In hot weather, this water, 
stagnating in these receptacles, became most offensive; not- 
withstanding which, the inhabitants and the cattle were com- 
pelled by necessity to partake of it as long as it lasted, and 
when this wretched beverage failed altogether, scanty supplies 
were obtained at the eastern extremity of the island, a 
distance of seven miles. It will readily be imagined that such 
unwholesome water must have proved highly detrimental to 
the health of the inhabitants. Artesian wells have, however, 
been formed, and an abundant supply of good water obtained, 
by which the whole condition of the island has been improved. 

In desert tracts, again, which, owing to the deficiency of 
water, scarcely afford even a passage for man, and much less a 
residence, the benefit that might accrue from the introduction 
of Artesian wells is almost beyond calculation. An instance of 
this is afforded by the successful borings for water in the desert 
between Kahiro and Suez, an important tract, on account of its 
forming part of the most frequented overland route to India, 
and where several Artesian wells have been constructed, under 
the management of some English engineers. Perhaps no mode 
that man could devise, would be more likely to change the 
climate, and alter the conditions of the arid Sahr^ or Great 
Desert of Africa, than the introduction of a number of Artesian 
wells into that sandy waste. Nor, indeed, does it seem that this 
would be altogether a novel method of rendering some portion 
of that district fertile, for, according to a passage cited by M. 
Arago, from Dr. Shaw, who visited those regions jn the begin- 
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i^g of the last century, Artesian wells, though not known under 
that appellation, were met with in the Great African Desert 
itself. “ Waol-reog,” says Dr. Shaw, " consists of a cluster of 
villages, situated some distance in the Sahra. These villages 
have neither springs nor fountains, but the inhabitants procure 
water in a very extraordinary manner. They dig wells to the 
depth, sometimes of 600 feet, and sometimes even of 1200 feet, 
and they never fail at that depth to meet with water in great 
abundance.” 

Nor does it appear that the construction of these wells in 
the wadys or oases of Northern Afiuca, has been confined to 
this comparatively modern era : for M. Arago further men- 
tions, that Niebuhr cites a passage from Olympiodorus, who 
flourished at Alexandria about the middle of the sixth cen- 
tury, in which it is stated, that when wells are dug in the 
oases to the depth of 600, 900, or sometimes 1600 feet, rivers 
of water gush out, of which the agriculturists take advantage 
to irrigate their fields. And perhaps, we may not greatly err, 
if we consider the wells of springing water,” dug by Isaac in 
the land of Gerar*, were, in fact. Artesian weUs, or fountains. 
In that early age, the execution of such a work would be an 
undertaking of no trifling importance; and the possession of 
such a well, might very probably give rise to contention, as 
recorded in the history of that patriarch. 

The Chinese are said to have practised this mode of obtain- 
ing water for thousands of years; and, perhaps, we may not 
without reason, suppose that it has been very long known to that 
remarkably precocious people : and indeed, the Chinese borers 
of the present day appear to be singularly expert in performing 
this operation, sometimes carrying the bore down to the depth 
of 2000 or even 3000 feet: a depth scarcely equalled, perhaps, 
by any European Arterian fountain. 


♦ Genesis xxvi. 
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CHAPTER Vin. 

HYDRAULIC ENGIXES. 

The artificial modes of producing motion in water by media- 
nical means^ may be considered as forming a second division of 
hydraulics. This comprises an account of the various pumps* 
and engines which have been employed to raise water, and thus 
overcome its natural equilibrium — a branch of our subject 
which is of the greatest practical utility. It is not, however^ 
our intention to enter at great length on this portion of 
hydraulics ; but a brief description of some of the principal 
machines invented for this purpose, and their mode of use, 
cannot be devoid of interest. 

The simplest hydraulic engines are those by which water 
is raised by the mere exertion of manual labour, or of some 
mechanical means. Probably the first hydraulic machine con- 
abted of the common bucket and rope as used at our common 
draw-wells, either raised by hands, or drawn up by means of a 
windlass. In the earliest periods, water seems to have been 
procured by simply dipping an earthen pitcher or jar into the 
well, which latter, perluqw, may only have consisted of a tank 
or basin, erected to receive the waters of a natural spring, issu- 
ing at the surface of the ground; the tank being provided with 
an outlet to cany off the superfluous waters. Wells of thia 
description are frequently approached by steps; and such^ 
probably, was the construction of the well from which Rebekah 
drew water in her pitcher for the use of Eliezer, Abraham^a 
steward. Women of the first distinction continue to the pre- 
sent day to perform the office of drawers of water firom tha 
public wells in many parts of India. They fetch it in earthen, 
jars, which are usually borne on the head, sometimes two or 
three jars being thus carried at once, forming a sort of column 
on the bearer’s bead; and as the utmost steadiness is required 
to bear these securely, the habit of carrying water imparts to 
the females of those countries a singularly erect and stately air. 
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Among the Arabs, water is more usually drawn from the 
wells in leathern buckets, by means of a rope ; and this office 
also devolves exclusively on the women, all ranks participating 
in the employment. In Turkey and Persia, however, women 
of condition no longer perform this service, and the office of 
water-carriers is now in great part fulfilled by men in those 
countries. 

This mode of raising water, however, could not be otherwise 
than tedious, though the supplies thus obtained might suffice, 
when the liquid was chiefly required as a beverage, and this in 
countries where, owing to its comparative scarcity, it was used 
sparingly. The inhabitants of these districts, in the more early 
ages, were also, if not nomadic or wandering tribes, principally 
occupied in pastoral pursuits, and gave little or no attention to 
agriculture. When, however, the progress of civilization led 
to the cultivation of the earth, an extended supply of water 
became an object of paramount importance ; and the peculiar 
character of Eastern countries led to the introduction of artificial 
irrigation. Probably the earliest modes of effecting this, were 
laborious and troublesome, and may not have differed greatly 
from the manner in which this operation is at present carried 
on in some parts of India. 

Thus, Colonel Sykes mentions that he observed the fol- 
lowing simple method of watering a field near the village 
of Piroorgool, in the Dukhun (or Deccan) : — The bed of a 
rivulet with very low banks, having been artificially dammed 
up, three pieces of wood, like a gin or trap, were placed 
over the water, a scoop being suspended by a rope to the 
top of the gin, whilst a man was employed to scoop the 
water from the rivulet into his field. The labour was very 
great, and, as may be supposed, the supply of water small. In 
other parts of the same region, irrigation is effected by conduct- 
ing water in streamlets from running rivers or brooks, over 
the land to be watered ; but the latter process is only available 
where the river is on a higher level than the land to be irriga- 
ted ; and the supplies are liable to fail in the hot season. In 
other districts, recourse is had to drawing water from wells for 
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watering the ground. In the latter ease cattle are employed, 
being attached to the rope from which the bucket is suspended; 
The animals pull down an inclined plane, and the water being 
discharged from the bucket, they readily walk backwards up 
the plane to the highest point, and on the bucket being again 
re-filled, they once more descend the inclined plane. The driver 
meanwhile sits on the rope singing to the cattle, Colond 
Sykes, in speaking of this mode of irrigation in the Dukhun, 
mentions that there is a singular uniformity of time between 
the delivery of two buckets, the interval seldom exceeding 
seventy seconds; and, that a man with a pair of bullocks, 
working for seven hours, may draw up about twenty thousand 
gallons of water per day. 

In the Monghere districts of Bengal, the following mode of 
irrigation is practised. A deep well is dug in the highest part 
of a field; the latter, having been ploughed, and prepared for 
cultivation, is then divided into little square compartments, or 
plots, separated from each other by trenches or dykes which 
are designed to convey the water over the field. Each of the 
little compartments is further surrounded by a small embank- 
ment, about four inches in height, formed of clay or some 
material capable of retaining water. The water is then rtdsed 
from the well at the upper part of the field, in leathern bags or 
buckets, by means of two bullocks yoked to a rope, and is 
poured into the trenches, from whence it is conveyed into the 
^ots, being allowed to remain in the latter, until the soil 
appears to be sufficiently saturated with moisture, when the 
remaining portion is drained off, and conveyed to another 
plot; the process being continued until the whole field is irri- 
gated. 

Among hydraulic machineSy perhaps, the earliest may not 
have been dissimilar to those represented on some of the Egyp- 
tian monuments, which consisted simply of a rude lever, attached 
to posts or pillars, farmed either of wood, of canes, or of mud, 
fmd having a stone or lump of mud, at one end, sufficiently pon- 
derous to outweigh a bucket or vessel filled with water, sus- 
pended at the other end, and thus, by the excess of weight of 
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iihe fonner, raising the latter to the height -of ihe tieagh lata 
^hich it is to be emptied. The labour of the person ^gaged 
in the operation, is thus oonhned to the act of ^mptyii^ the 
bucket into the trough, and of pulling it down to the well, 
when empty. 

This simple hydraulic machine, under the name of the 
shadoofs is still much used in Egypt. The posts or pillars 
which form the frame-work, are usually about five feet in 
height, and from two to three feet apart: a piece of wood 
or cane extends horo*ontally from the top ; and to this is sus- 
pended a slender lever, formed of a branch of a tree, having at 
one end a weight chiefly composed of mud, and at the other a 
vessel in the form of a bowl, made of basket-work, or of a 
hoop and piece of woollen stuflF or leather. With this vessel 
the water is thrown up to the height of about eight feet, into 
a trough hollowed out for its reception. When it is required 
to raise the water to a greater height, a series of four or five 
shadoofs may be employed. In the latter case, the water 
being first raised from the river or lake by means of shadoofe, 
is discharged into a trough, from whence it is again raised by a 
second row of shadoofs, and discharged into a second trough at 
a higher level ; and so on from trough to trough, until it has 
been raised to the required elevation. 

The hydraulic machine, usually called the Persian wheels 
appears also to have been introduced at a very early period, and 
like the preceding machine, various modified forms of the 
Persian* wheel are much employed in all the principal streams 
of Western Asia, as well as among the Chinese, for the purpose 
x>f irrigation. The simplest form of the Persian wheel consists 
of a circle or rim of wood, supported by arms or spokes fix)m the 
central axis, and which revolves in a vertical or upright direction. 
This wheel is partly immersed in the water ; whilst to the rim, or 
outer circle are attached a number of buckets, car, in some casei^ 
of earthen vessels, by means either of iron hoops, or of cords. 
tAs the wheel revolves on its axis, these buoikeiB necessarily dip 
tn succession imder water, and, being filled, are raised in an 
upright posture to the highest poi^ the wheel, in a costi* 
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ntiotis series; they then, as the wheel moves onward, turn 
over, and empty their contents into troughs prepared to receive 
the water. Motion may be given to this wheel, either by the 
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power of or that of water: for, if the machine be 

employed in a running stream, where there is sufficient water 
to spare, the wheel may be provided with or float-boards, 
similar to those affixed to any other water-mill, and in that 
case, the force of the running water will both turn the wheel, 
and raise the water into the trough. This machine, if thus 
worked, requires no care or attendance whilst in operation, and 
as the motion is uninterrupted so long as the stream continues 
to flow, it will raise a considerable quantity of water, even 
though the buckets may be of small dimensions. When a 
river or stream has not sufficient force to turn the wheel, or 
when the water has to be drawn from a well, a second wheel 
with cogs is flxed to the same axis, and the latter is acted 
*iipon by a third wheel, also cogged, which is placed hori- 
zontally, and is turned by a pair of bullocks, or by a ringle 
bullock, according to the force required ; thal^ of course, being 
•dependant on the size of the machine. The construction of 
the Persian wheel is generally of a very rude kind; nor, 
indeed, does this machine require any of the nicety in its 
'riiructure which is usually necessary in mill-work, but will 
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act, even though made in the roughest manner. The import^ 
ance of such easily-constructed machines is very great in wann 
climates, where rain is periodical, and where, if not well sup- 
plied with water, the parched and thirsty ground will yield 
little or no produce ; but where vegetation flourishes in the 
utmost luxuriance, when the high temperature is accompanied 
by abundant supplies of moisture. In such regions, irrigation 
becomes most essential ; and it is by paying attention to this 
process, that the vast fields of wheat are produced, which the 
late Sir Alexander Bumes mentions, as extending, without 
interruption, from Ajmere to the Runn. The river Loonee, 
which rises in the mountains of Ajmere, traverses this terri- 
tory, and by the waters of that stream, the whole district is 
irrrigated, and rendered thus remarkable for its fertility. “The 
water,” says Sir A. Bumes, ‘4s generally raised by means of 
the Persian wheel, which is of the rudest manufacture, but 
has, nevertheless, decided advantages over the leathern bag, 
not the least, in the saving of labour. It is distributed over 
the fields by means of aqueducts of earth, which sometimes 
extend for a mile in length, and are constructed with care and 
due attention to the level of the country ; and the fields are 
surrounded with dykes to prevent its egress. The wheat is 
sown after the rainy season has terminated, and is reaped in 
'March. It does not require more than six waterings to bring 
it to maturity; but these are most copious, for the labour of a 
pair of oxen will only saturate a beega (twenty fathoms 
square) of land, in twenty-four hours.” 

The Persian wheel is, and has long been employed for 
'similar purposes on the borders of the river Euphrates. “The 
reason why these water-wheels are so much in use,” observes 
'Rauwolf, (an old author, cited by Colonel Chesney,) “is 
because this river doth not overflow as the river Nile, to water 
the* grounds, neither doth it rsdn enough here sufficiently to 
moisten the seeds and garden plants, that they may not be 
burnt by the great heat of the sun, wherefore they must look 
out for such means as will supply their want. To do thii^ 
they erect water-wheels in the river, which go night and day, 
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and dip up water out of the river, whicli is emptied into peeu^ 
liar channels that are prepared on purpose to water all the 
ground.” Erections of this kind, indeed, appear to be of &r 
more ancient date than that of the author just cited, for 
Colonel Chesney noticed near Hii^ on the river Euphrates, 
numerous remains of very ancient water-wheels and aqueduct^ 
designed for irrigating the country, some of which are still 
used, both for that purpose, and ako for grinding com. The 
aqueducts diverge at right angles from the river, some of them 
running inland for the distance of between 3000 and 4000 feet. 
The wheels are about thirty-three feet in diameter; and earthen 
vessels, about twenty inches deep, and three or four inches in 
diameter, perform the oflBice of buckets, differing, however, 
from the usual arrangement of the latter, in beii^ freed, 
instead of moveable, and having their mouths or apertures, 
turned towards the water, by which means the wheel is also 
turned on its axis; whilst, instead of the float-boards ordi- 
narily made use of in the Persian wheel, the fronds or leaves 
of palm-trees are adopted for that purpose. 

Artificial irrigation is comparatively little practised in the 
British Isles; for, owing to the humidity of the climate, it is 
not generally required. In some particular kinds of soil, it 
has, however, been employed with extreme advantage, con- 
verting many an acre of barren heath land into valuable 
pasture. It has also been successfully applied for the improve- 
ment of peat-bogs, when the latter occupy elevated situations. 
This process is effected by causing a stream of water to flo^ 
through such a plot of ground ; for, in that case, the running 
water appears to check the growth of bog-plants, and to pn>- 
mote the rapid growth of wholesome grass, which immediately 
springs up on its hanks. This has been proved by experience 
in many parts of Scotland, and also, in some few instancei^ 19 
Ireland. It is, however, only applicable to mountain bogs. 

The hydraulic machine called the Screw of Archimedes h 
so named from its form, which is spiral, or screw-like, and 
its having been the invention of the celebrated Syracusaat 
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xnathematiciany ArchimedeSy by wbom it was employed foir 
xaLsing water, aad £bs diaming land in Egypt^ about two 
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hundred years before the Christian era. This machine acts 
upon the same principle as the Persian wheel, that is to say, a 
series of receptacles for water dip in succession into the 
water, where they become filled, and are carried up in a con- 
tinued series ; but, instead of being placed on the rim of a 
wheel, and being separate and detached like the buckets or 
vessels in the Persian wheel, the receptacles in the screw of 
Archimedes, are formed by the whorls of a flexible tube or 
pipe, and they are raised, and the succession eflected, by turn- 
ing the whorl, or screw. To accomplish this, the pipe, which 
is formed of leather, is wound in a spiral form round a solid 
cylinder, tlie two ends of which are furnished with pivots, so 
that the cylinder may be made to revolve by any power 
applied eitlier to its upper or lower extremity. This {^paratus 
must then be supported in. an inclined position, as represented 
in the cut; nnd having its lower end immenwd in water, 
and the upper end so placed as to discharge its ecmtents into a 
cistern or reservoir, it is turned on its pivots^ and the water 
forced up through the pipe, regularly advaaohig with each 
tnm of the serew» The water ia thua forced up an inclined 
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pUm; Hikd ibrm, tiiis macdime may be adTantageonsly^ 

ai^lied in some ntaations where the Persian wheel cannot 
employed^ on account of a deficiency in the depth of water, 
and other causes. The Archimedean screw is, however, very 
subject to become choked up by sand, mud, and weeds. 

The cAain pump is little more than a modification of the 
preceding machines. This apparatus consists of a number of 
flat plates, formed of wood or metal, 
usuidly square, and connected together 
by an iron rod, having joints between 
each board, so as nearly to resemble a 
chain; the whole series, or chain, of 
plates being supported, and kept in its 
place, by two wheels, which are pro- 
vided with arms to catch and support 
the plates in succession, as they come 
in contact with the wheels. The upper 
wheel is turned by means of a winch, 
and as each plate in succession passes 
the arms of the wheel, the whole chain 
of plates moves onwards, one side pass- 
ing in a downward direction, and the 
other ascending. In order to render this 
chain of plates available for raising 
water, the ascending side is made to 
pass through a square box, or hollow 
Chai^Pump. trunk, which fits closely to the plates, 
and thus forms the pump. The lower 
wheel, as well as the lower end of the box, must be under water, 
and the chain of plates passing upwards through this box, pro-* 
duces a succession of chambers or cavities, which become filled 
with water, and which, when they are all filled, eventually 
^pty themselves at the top. It will be evident that this 
machine can only work in water of a sufficient depth, but 
it has the advantage of not being liable to become choked, and 
will even force up mud, stones, and weeds, as well as other 
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substancesi which would entirely impede the operationB of s' 
more delicately-formed machine; and the chain pump is there*- 
fore usually employed in draining the water for the purpose of 
]a}ingthe foundations in the construction , of bridges, docks, 
and similar works on a large scale. 

The second class of hydraulic machines comprises those in 
which water is raised by the pressure of the atmo^here, and in* 
eludes all the machines to which the term pump is more espe- 
cially applied. These machines act wholly on the principle of 
removing the pressure of the atmosphere from the surface of 
the water in the machine, which may by this means be raised 
to the average height of about thirty-two feet; though, since 
the pressure of the atmosphere is variable, this is also liable to 
some variations, as will be indicated by the mercury in the 
barometer; for the atmospheric pressure is greater when that 
stands at 30 °, than when at 29 ® ; and consequently, the operation 
of raising water by means of this description of pump, will be less 
laborious in fine dry weather, than in moist or stormy weather. 

There are several varieties of pumps ; but the simplest, and 
that most commonly used, is the ordinary lifty or household 
pump. This useful machine is of great 
antiquity, its invention being ascribed 
to Ctesibus, of whom we have already 
heard, when speaking of the clepsydra. 

But, although this application of at- 
mospheric pressure was made at that 
period, there is much reason to suppose, 
that the principle of its action was not 
understood until long afterwards. The 
common pump consists of a barrel or 
hollow cylinder of metal, very truly 
bored, and furnished with a piston, 
made to fit air-tight in this cjdinder; 
and the pbton is usually moved upwards 
by means of a lever, which, in common 
parlance, is called the handle of thepump. Xuft Pump. 
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^Ehtr^^lkiterOB barrel of the pemp) being once filled with wates 
iafibe lerel of thepLston^ every time the latter is raised^ a yacuTtm 
sfoacmed between that and the suifiice of the water, so that there 
k no atmoepheric pressnie on the water wiihin the barrel of the 
pump ; but, since the atmosphere still continues to press on the 
surfiice of the water in the reservoir, or well, by which it is 
supplied, the force exercised by the latter causes the water iu 
the barrel to be pushed or driven upwards to a height corre«r 
spending to the pressure of the atmosphere, that is, to tha 
average height of about thirty-two feet. In the centre of tha 
piston, a valve is fixed, which is forced open by the pressure of 
the water when moving in an upward direction, but firmly 
closed by its pressure in a downward direction, so that it allows 
the water to pass upwards, but prevents it from passing down- 
wards. When the piston is lowered, (which is done by raising 
the handle of the pump,) the water being pressed up wards with 
the force incident to atmospheric pressure, passes through this 
valve, and thus the portion of the barrel above the piston 
becomes charged with water, which, the next time the piston 
is raised by the action of the lever, (that is, by pressing down 
the handle of the pump,) is forced through the spout of the 
pump. 

The forcing pump^ which is a machine of very general 
application, consists, like the common pump, of a cylinder and 
piston ; hut in the forcing pump, the piston, instead of being 
furnished with a valve to admit the upward passage of the 
water, is solid : whilst the cylinder is provided with a lateral 
pipe, through which the water is to he forced into the working 
barrel, the entrance into the latter being furnished with a valve 
that prevents the water from returning again, and consequently, 
it will be constrained to find its way up the pipe, which may 
be extended to a considerable he%lit. For, since in this opeia* 
lion, the ascent of the water does not depend on the pressure of 
the atmosphere, but on the d^ee of mechanical force applied 
to the handle of the pump, water may by this means be raised 
to any required height, without r^^d to atmospheric pressure; 
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When any degree of force is to be exerted for the purpose 
of imparting motion to a body previously in a state of inertia^ 
or rest^ the power required for giving the first or 

impetus^ is conidderably greater than that required for main* 
tabling the body in motion when once imparted to it; and in 
machines constructed on the principle of the forcing pump, a 
firesh impetus would be called for, every time the handle was 
moved, which would cause a considerable waste of power. This 
objection is in some measure obviated by the use of an air^ 
'sesseL In the usual construction of the forcing pump, therefore, 
the upper pipe passes through a hollow vessel, to the top of 
which it is fixed; but the upper pipe, although it extends 
to within a short distance of the lower pipe, does not quite 
meet the latter. The lower pipe is also of larger dimensions 
than the upper pipe ; the consequence of which is, that every 
time the piston is moved, a certain quantity of the water is 
thrown into the air-vessel, and not finding sufficient space to 
escape along the upper pipe, it remains in that vessel. Air, 
being lighter than water, necessarily occupies the upper part of 
the air-vessel, and being now confined by the water, it cannot 
escape ; but, being elastic, it becomes condensed or compressed 
into a smaller compass than it would naturally occupy, in order 
to make room for the water. When the mechanical force is 
again applied to the pump, the elastic air, instantaneously 
springing to its natural dimensions, has time to expand, and 
thus to force a certain portion of the water into the upper pipe; 
by which means the water is maintained in a state of activity; 
and no new impetus is required to set it in motion, which 
otherwise, as we have abeady said, would have been required 
at every stroke of the handle. 

In a contrivance so simple, and at the same time pro- 
ducing such beneficial effects in a machine of such great 
importance and utility as the forcing pump, we cannot 
but be forcibly struck with the example it presents of the 
advantages which result from the pursuit of science; for, 
without some acquaintance with the properties of air, the 
elasticity of which, in this instance, we find actually applied 



114 


TBB HYDRAULIC BAH. 


to a piaciical usei this important improvement could not have 
been made. 

Various modifications and improvements of these pumps 
have been made, but the principle is the same in all. The 
mining districts of this country contain a greater variety of 
pump machinery, than is to be found in any other part of the 
world. Vast mains of cast iron are seen inconstant operation, 
** delivering their fluid contents, with a degree of precision, 
equal to that displayed by the arterial tubes of the human 
body.” Great attention is also paid to the construction of 
pumps for nautical purposes; and many improvements have 
been proposed, the chief objects of which are, to prevent the 
valves from being choked up with mud, sand, sea-weed, &c., 
and to lessen the labour of working the pumps. 

The fire-engine is very similar to the double ship’s pump, 
and consists of two forcing pumps working into one common 
air-vessel. This engine has been in use for more than a cen- 
tury ; but a great improvement has, within a few years, been 
made by Mr. Braithwaite, which consists of a portable steam- 
en^ne attached to the apparatus, and which is employed to 
impart motion to the pump-rod or handle: and thus, not only 
is the action of the fire-engine more effectively performed than 
by the firemen, but much risk of life avoided. And since 
the steam is prepared during the passage of the machine to ita 
place of destination, no loss of time occurs on that account, and 
this engine forms an exceedingly powerful and efficient ap- 
paratus. 

The machine called the water ranty or the hydraulic ramy is 
another very valuable instrument for raising water. The action 
of this machine depends on the momentvmy or new energy, 
which descending water acquires, by being put in motion for a 
short time, and then stopped. It may have been observed, that 
on turning a cock attached to a pipe connected with an elevated 
cistern, the water flows with great violence; and that, on 
shutting off the water suddenly, a concussion is felt. So great 
indeed is this shock, that not unfrequently the pipe is burst 
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open near its extremity. This circumstance arises fmm the 
effort made by the water to escape ; and when thus suddenly 
arrested in its progress, it pushes with the whole force of the 
descending column of the water against this portion of the 
pipe ; and as this will he in proportion to the height of the 
supplying cistern, therefore, if the latter should occupy an 
elevated position, the concussion thus caused may burst the 
pipe, unless a proper outlet for the water be provided. 

This effect was experienced in a remarkable manner in a 
hospital at Bristol, where a leaden pipe had been laid for the 
purpose of conveying water from an upper floor of the building 
to the kitchen below, when it was found that almost every 
time the cock was made use of, the pipe was burst at its lower 
end. After many unsuccessful attempts to remedy this evil, 
it was at last determined to solder a small pipe into the main 
pipe, immediately behind the cock, by which means a small 
portion of the water might be carried off: and in order to pre- 
vent the water running to waste, this auxiliary pipe was carried 
to the same height as the supplying cistern ; it being supposed, 
that on hydrostatic principles, the water would rise to the same 
level as that in the cistern, and no higher. By this means the 
evil was remedied; for, on shutting the cock, the pipe did not 
burst as before, but a new and unexpected phenomenon pre- 
sented itself: a jet of water of considerable height being forced 
from the upper end of the auxiliary pipe. It became necessary, 
therefore, if possible, to overcome this jet; to effect which, the 
length of the auxiliary pipe was increased, and carried to the 
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top of the building, which gave it twice the height of the 
descent of the water from the cistern to the lower extremity of 
the first pipe,— that is to say, twice the height of the column 
of water,— when, to the no small surprise of those employed in 
constructing the work, the jet of water even at this height still 
made its appearance, though in diminished volume. A cistern 
was accordingly placed at the top of the house, to receive this 
superfluous water, which was thus raised to that elevation, and 
a supply obtained for the upper apartments of the establishment, 
without trouble or exertion of any kind. 

It is on the principle above described, that the water ram 
is constructed ; but it will be evident that it is capable of 
application only in situations where a descent of water from 
an elevated source, either natural or artificial, can be obtained, 
and is therefore not available in all situations. The simplicity 
and cheapness of its construction, and the circumstance of its 
requiring no attendance after it is once adjusted and set in 
action, render it, however, peculiarly applicable for the supply 
of houses, fountains, or pleasure grounds, situated in the 
vicinity of mountain torrents, or elevated springs. 

The mode in which the water ram is constructed is as 
follows ; — A pipe of wood or iron, from eighteen to twenty, or 
even forty feet in length, is laid in a sloping direction from 
the spring-head or reservoir, to the lowest depth which local 
circumstances will permit, which may be from one foot to six 
or eight feet below the supplying reservoir, though, of course, 
the force with which the water passes will increase with the 
elevation. The pipe is terminated in a straight branch, closed 
at the end, so that the water cannot find a passage out in that 
direction; but near the end an orifice is made in its upper 
surface, from whence the water is permitted to escape, not, 
however, uninterruptedly, a valve being fitted on the inside of 
this orifice, which is so adjusted that whilst the water is 
motionless, or only moving ‘slowly, it sinks by its own weight 
in the water, by which means an outlet is afibrded for the 
liquid; but, if moving with any degree of rapidity, its force 
will be more than equal to the weight of the valve, which it 
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will therefore push or lift up; and thus, the orifice being 
closed, the passage of the water will be suddenly and com- 
pletely stopped. Checked in its onward course, the water, 
rushing with greater or less rapidity according to the elevation 
of the source from whence it flows, strives with all its might 
to find an outlet^ and if none were provided, would burst the 
pipe, as in the instance already related at the Infirmaiy at 
Bristol. Between the orifice and the end of the sloping por- 
tion of the pipe, a second orifice is formed, which communicates 
with another pipe placed in a vertical position, and through 
which the water is thrown to the required elevation. 

The blow, or shock, which the water gives when thus 
suddenly checked in its progress, is so violent that it is driven 
back by its own force, and this to so great a degree, that it not 
only rushes up the vertical pipe, but also makes an efibrt to- 
re-ascend the sloping pipe by which it had descended; and 
thus a temporary quiet ensues the terminal orifice, so that 
the valve again sinks in the water, and the orifice is again 
opened, permitting once more the free escape of the liquid at 
the lower extremity of the machine, until another rush of 
water closes the valve, and the water is again forced upwards. 
And thus a new momentum, or impetus, is again and again 
imparted ; so that the action of the machine continues unceas- 
ingly, without any external aid, as long as it is supplied with 
water, and remains in repair. A machine of this kind has 
been constructed, which furnished a hundred hogsheads of 
water in twenty-four hours, to the height of a hundred and 
thirty-four feet perpendicular. It has obtained its name from 
the force with which the water pushes, in a manner not very 
dissimilar to that of a battering ram. 
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CHAPTER IX. 

WATER-WHEELS. 

The hydraulic engines which have hitherto engaged our 
attention consist of such as are designed to raise water above 
its level. Let us now give some consideration to another 
branch of hydraulics, namely, the power of water in moving 
machinery, and the means of obtaining, and using to advantage, 
the power and motion thus acquired. 

Wliere tumbling waters turn enormous wheels, 

And hammers, rising and descending, learn 
To emulate the industry of man. 

This branch of our subject will include a brief notice of the 
Tarious water-wheels, or mills, by which motion is given to 
machinery, — a portion of our present inquiry by no means 
inferior to the preceding in practical utility, and which is un- 
questionably far more associated with rural scenery and poetical 
description, than any other branch of machinery. It is true 
Wordsworth has celebrated in song the ‘‘old iron-bound bucket” 
of his patemed residence 

When, dripping with coolness, it rose from the well, 

The old oaken bucket, the iron-bound bucket. 

The moss-covered bucket that hung in tlie well. 

Pumps, however, and Persian wheels, and hydraulic rams, 
are, without doubt, far more adapted for practical service, than 
for embellishments to adorn the canvas of the painter, and the 
page of the poet. And thus we find that Pope, when alluding 
to the pump erected in the market-place of Ross, in Hereford- 
shire, by the justly renowned John Kyrle, the “ Man of Ross,” 
cannot admit so unpoetical a term into his verse, but celebrates 
it in the following manner: — 

From the dry rock, who bade the waters flow? 

Not to the skies in useless columns tost. 

Or in proud falls magnificently lost; 

But clear and artless, pouring through the plain. 

Health to the sick, and solace to the swain. 



UNDERSHOT WATER-WHEEL. 


119 


But if we turn to water-mills, where, we may almost ask, 
where is the landscape painter who has not, at some period of 
his career, delineated these picturesque objects? where the poet 
who has not sung of water-mills? 

Mine be a cot beside a hill: 

A bee-hive’s hum shall soothe mine ear; 

A willowy brook that turns a mill. 

With many a fall shall linger near. 

To return, however, to the more practical part of our 
subject, namely, the use of water as an impelling power, and 
the methods most usually employed of applying this liquid as 
a mechanical agent. 

The water-wheel, which may, perhaps, be considered as the 
most important of all hydraulic machines, acts either by the 
direct impulse, or by the weight of the fluid by which it is 
propelled. All water-wheels consist of a hollow cylinder or 
drum, revolving on a central axle-tree or spindle, the latter 
being placed in communication with the machinery to be put 
in motion. 

The most simple, and probably most ancient form of water- 
wheel applied for propelling machinery, is that called the 
undershot^ tide^ or stream^wlieeL 



Undersliot Water-wheel. 

This consists of a series of float-boards, arranged like rays 
round the periphery, or outer circle of the wheel, the latter 
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being moved by the force of the water acting against these 
float-boards. This kind of wheel is particularly adapted for 
use in tidal rivers, where the current sometimes flows in one 
direction, and at others in an opposite course; for, owing to 
the regular arrangement of its float-boards, the water will act 
equally well in either direction ; but it can only be employed 
to advantage in situations where there is a profusion of water 
always in motion. As, however, it does not require any great 
&11 of water, it is more applicable than any other kind of 
water-wheel to streams in their natural state. Water-wheels 
of this kind are described as being very numerous on the 
river Danube, where they are applied to the purpose of grind- 
ing com. Below Buda and Pesth,’* observes a recent tra- 
veller, "one is struck by the curious flour-mills of the Danube, 
which consist of a wooden house, erected in a large unwieldy 
boat, moored near the most rapid part of the stream. Parallel 
to this, and only a few paces distant, is fixed a smaller boat, 
the heads of both being directed down the stream. Between 
them is suspended a water-wheel, which, of course, revolves 
rapidly with the flow of the river. Ten or twenty of these are 
sometimes found in succession.” 

The (mrsTiot water-wheely instead of being propelled like the 
undershot wheel, by the impulse communicated by a flowing 
stream, owes its action to the weight, or downward pressure of 
a body of water pouring from a higher level than that of the 
wheel. This water-wheel will produce far greater power with 
a much smaller supply of water than the undershot water- 
wheel, but it requires a considerable fiill in the stream in which 
it is placed, and, consequently, is by no means so available as 
that machine, in fdl situations: for, to set this in motion, 
either the stream must dash down in the form of a rapid, or 
cascade, or be artificially pent up, immediately above the 
water-wheel; unless, indeed, that ingenious contrivance, the 
canal-lock, be resorted to. In the constmction of the overshot 
water-wheel, in place of the float-boards, a series of narrow 
troughs or cells are fixed round the outer circumference of the 
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wheel, across the whole width of which they extend. The water 
is then conducted by a level channel of higher elevation than 
the wheel, so as to discharge itself into the troughs or recepta- 
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cles. When these are filled, the gravity or weight of the water 
bears them down, thus causing the wheel to revolve on its 
axis; and the troughs are so constructed, that they retain their 
liquid contents until they reach a certain point, when they 
discharge the water into the lower stream, which is commonly 
designated as the tail stream. As the wheel continues to 
revolve, these troughs are carried up empty, and ready to be 
replenished when they once more arrive in contact with the 
supplying stream of water. If the water were suffered to flow 
into these troughs with too great force and rapidity, it would 
splash out, instead of filling them, and would, therefore, pour 
over the surface of the wheel, without producing its proper 
effect. To prevent this, the water is seldom permitted to run 
upon the wheel in a stream of more than from ludf an inch to 
an inch in depth, and when well-regulated, there is scarcely 8 
drop of water wasted* 

The breast waier^wheel may be considered as partaking of 
iha character of both the undershot and overshot water-wheels* 
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In the breast-wheel, the water, instead of passing over the top 
of the wheel, as in the overshot- wheel, or beneath it, as in the 
nndershot-wheel, pours from a channel nearly half-way up 
the wheel, that is, rather below the level of its axis. In- 
stead of troughs it is furnished with float-boards, like the 
undershot water-wheel ; and the water pouring from the raised 
channel on these float -boards, the breast- wheel is impelled, not 
only by the gravity of the water, but also by its impetus, or 
moving force. In the breast-wheel, the brickwork which 
forms the channel for the water, is built in a circular form, and 
of a width so as to make it parallel with the exterior edges of 
the float-boards, or extreme breadth of the wheel, this being 
made as close as circumstances will admit, in order to avoid as 
much as possible the escape of the water, but this form of 
wheel must always be attended with some waste of water, 
however perfect the workmanship. 

In order to allow any of the above water-wheels to work 
with freedom, and consequently to the greatest advantage, it is 
absolutely essential that the tail water^ as it is called, or that 
which pours from the wheel after it has performed its office, 
should have an uninterrupted passage to make its escape ; for, 
whenever this is not the case, it accumulates, and offers a resist- 
ance to the float-boards, and thus considerably abstracts from 
the power and velocity of the wheel ; sometimes, indeed, to so 
great an extent, as altogether to hinder its working. 

The three descriptions of water-wheels above-mentioned, 
are the only ones generally admitted into practice, and they do 
not allow of much improvement, since the principles on which 
water-wheels act must always remain the same. The breast- 
wheel is by far the most extensively used ; but it is, in efiect, 
vastly inferior to the overshot-wheel, in proportion to the 
quantity of water employed ; a circumstance partly arising from 
the unavoidable waste of the liquid, and partly from the lesser 
elevation at which the water is supplied, and the consequent 
smaller force of the descending column of water. 

Although water-mills appear to have been unknown in 
England before the middle of the sixteenth century, the motive 
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power of water has, in comparatively recent times, been more 
extensively used in this country than in any part of the world; 
a circumstance which has hi ho small degree contributed,’* 
observes Mr. Millington, ^^to that pre-eminent excellence which 
our country is acknowledged to have obtained in her various 
manufacturing processes. The application water to the 
driving of machinery is so simple, so cheap, and so constant, so 
equable in its action, that it amply merits the preference con- 
stantly shown to it wherever it can be obtained.” 

As, however, the exercise of this power is dependent on 
abundant supplies of water, its application cannot be other- 
wise than limited to particular localities; and the introduction 
and general adoption of the steam-engine as a motive power, 
has, in great measure, superseded the use of wateivmills in our 
huge manufactories, thus obviating the necessity of fixing them 
on the immediate banks of streams; and leading to their esta- 
blishment in situations favourable for obtaining supplies of fuel 
at a moderate cost. 

But although in the present day, water-power has, in some 
degree, fallen into disuse in large manufactories, the important 
part which it has performed in forwarding the commercial 
interests of this country cannot be too highly estimated; and 
perhaps no stream has more lent its aid to accomplish this 
end, than the ‘‘ever- varying and ever-pleasing river Derwent,” 
on whose richly diversified and beautiful banks, one of the first 
water-mills employed in this country for spiiming cotton was 
erected in the year 1771 , by Sir Richard Arkwright; and from 
the circumstance of motion being imparted to the apparatus by 
means of water, the machine was called the waier-frame^ and 
the thread received the name of water-twist. At Belper, again, 
the lovely Derwent also performs a similar office; Messrs. 
Strutt having four cotton-mills situated on the luxuriantly 
wooded banks of this river in that locality; forming, perhaps, 
the most extensive series of machinery, dependent on water as 
a motive power, either in this kingdom, or in any other coiui- 
try on the face of the globe. 
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CHAPTER X, 

MOTION 09 WATEB IN BIVBRS AND CANALS. 

Hatino briefly considered the principal engines employed for 
raising water^ and also those which are impelled by its grayity 
and by its force, let us now devote a few pages to the branch 
of hydraulics which comprises the motion of water in canals 
and rivers; an inquiry which cannot £ul to be replete with 
interest in a country where inland navigation has been so 
extensively applied, and has led to such important results. 
This island may not, it is true, contain any vast rivers to com* 
pete in magnitude with those which water some other portions 
of the globe, yet the generally level nature of the surface, and 
the insular and moderate character of the climate, render those 
which it does possess more than usually available for inland 
navigation; and the active and enterprising disposition of the 
British people, has caused almost every possible advantage to 
be taken of the streams which intersect the island ; whilst to 
these, no less than 2770 miles of navigable canals have been 
added. 

The motion of water in canals and rivers is founded on the 
hydrostatic principle of equal pressure, arising &om the fluidity 
of water, (which, as we are well aware, causes it to maintain a 
perfectly level surface in any channel in which it is contained,) 
and on the tendency of water to move in accordance with the 
laws of gravitation. Motion will not take place in an artiflcial 
channel, unless there be some inclination or descent in its 
sur&ce; for, in fact, the latter circumstance, by giving the 
water free scope to descend by its own gravity, is the direct 
cause of all motion. 

By the laws of gravitation, however, if no obstacle should 
occur, an {UicelercAim^ or increase of velocity in the flowing of 
the water, would take place as the distance &om the head or 
source of the river or canal increased, and the motion of the 
fluid would never be uniform. But, as we have already seen 
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in flpeaking of pipes, water encounters resistance from its] fric- 
tion against the ndes of any channel through whidi it passes; 
a remark which is equally applicable to our present instance. 
And it is a angular and highly intoesting fact, that an 
admirable adjustment prevails, so that one law of Nature 
counteracts, and thus counterbalances another; it being found 
to be a general principle, that when water moves onwards in 
any channel or conduit, the resuita/nce tohich it encomtere ts 
equal to the force of acceleraition; or, in other terms, the friction 
is so greatly augmented by the increased velocity with which 
the water moves, that it retards the progress of the liquid, the 
one being proportionate to the other. 

The perpetually varying character of the channels of 
rivers, each differing according to the nature of the soil 
through which it passes, and the slope or inclination of its 
bed, causes the amount of resistance from friction to vary in 
almost every individual case ; and we find rivers subject to 
new conditions, dependent on every inequality of soil and 
country ; but, whether we trace them to their sources among* 
the rocky steeps of moimtainous districts, or follow them 
across the alluvial soil of the valley, or the sandy plains, or 
from thence to their embouchure in the sea, we shall find that, 
like all other departments of nature, they are governed by 
well-defined laws. These laws are, however, too complicated 
for our present consideration, and it will suffice for us to 
direct our attention to a few of the more striking phenomena 
presented by running streams. 

The motion of a river, or a canal, depends partly on its 
inclination or slope, and partly on the volume or quantity of 
water ; and uniformity of motion can only be maintained when 
the channel has the same degree of inclination, and same depth, 
throughout its whole course. This, it will be evident, can 
never be the case in a natural stream, which we frequently 
find at first a rapid and impetuous torrent, foaming down the 
shelving rocks,” then rushing along a highly inclined bed; but 
latterly, perhaps, maintaining a calm and majestic course, 
accor^g to the nature of the surffice of the country which it 
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traverses. arfcificid canals, however, uniformity of motion 
may be obtained, and, as we shall presently see, the regulation 
of the depth and inclination of canals, according to the purposes 
for which they are designed, becomes an object of great im*< 
portance. 

It has been found that the velocity necessary to maintain 
the salubrity of water, is about fourteen inches per second. A 
ohannel designed to form a water-course, must therefore be con- 
structed with such a slope or inclination, as will allow the 
water to flow with that degree of velocity. This is considered 
to be about one in 12,000, or from three to four inches per 
mile ; though, as the rapidity with which water flows is in- 
creased by the depth of the water, the slope ought to be regu- 
lated accordingly. The slope of the New River is three inches 
per mile, and the great ‘‘cuts’^ or drains in Norfolk and Lin- 
colnshire, have an inclination of five inches to a mile. 

It has been proved by experiment that the velocity in a 
stream is always greatest at the surface, and less at the bottom 
than in any other part. The water also moves with greater 
velocity in the middle of the stream than at the sides. This 
retardation or impeding of the progress of the lowest and lateral 
currents is produced by the fnction against the sides and bottom 
cf the channel; and when the velocity of a stream is very 
great, and the bed is not formed of very solid rocks, the soil of 
which it is composed frequently gives way, and the stream 
excavates for itself a deeper channel, A velocity of three 
inches per second at the bottom of a running stream has been 
ascertained to be of sufficient force to remove fine clay; — six 
inches per second, fine sand; — twelve inches per second, fine 
gravel;— and three feet per second, pebbles of the size of an 
egg. If, therefore, the water were to run with equal velocity 
in all its parts, it will be evident that the bed and sides of most 
rivers would not withstand the violence of its action, but would 
be continually giving way. But, owing to the retardation 
thus caused by firiction, the force is greatly abated in those 
parts where it is important that the velocity should be lessened, 
whilst the central current flows with a degree of rapidity adapted 
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to preserve the sidubiity of the water, and t)$^ consequent 
h^lthiness of the adjacent districts. This obstruction caused 
by the friction of the banks, is very evident, even to the most 
casual observer, and we shall find that an experienced boatman 
will regulate his station in a river according to circumstances. 
If the course of the stream be moderate, as that of the Thames 
near Twickenham, he will, when steering with the current, 
take the centre of the stream ; but if contrary to the current, 
he will take his station nearer the banks. If, on the other 
hand, the course of a river be rapid, as in the river Esequibo, 
so as to render navigation in a small boat or canoe attended 
with risk, the boatman will keep as close to the banks as 
prudence will permit, even when steering with the current. 

When we consider the great mechanical force of running 
water, transporting clay, sand, gravel, and even pebbles of 
considerable size, whilst moving at what might appear not any 
extreme velocity, we might at first feel surprised that rivers do 
not tear up and destroy their own channels, and thus, instead 
of continuing to exist in the form of navigable streams, — ^pass- 
ing through, and enriching the fertile champaign districts of 
the globe,— burst their banks, and spread themselves over 
the surface, flooding the whole country, and presenting 
throughout their course, little besides torrents in the hilly 
districts, and vast sheets of water in the plains and valleys. 
And there can be no doubt that instances sometimes occur, 
where devastating effects are produced by running water; 
and that some considerable rivers have in this manner de- 
serted their former beds, and excavated for themselves new 
channels; thus causing great physical changes in the face 
of the country through which their course lies. Such 
cases are, however, rare, an<f in general we shall find, that the 
changes in rivers, arising from the force of the running water, 
are comparatively of small amount. In this preservation 
of the beautiful rivers of the globe, we may discern the wise 
adaptation of the laws regulating the physic^, or natural con- 
dition of the earth’s surface, to its maintenance in a state fitted 
for its present inhabitants. The strata through which rivers 
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^Donxm^ umimr 

^ihenost iwitliBr^ robk^r; wd WBodh a cluiim 
^^Qse water ^produees little ^efiect^ .iBD&Mlnigmeit^ itdsitnie, 
we eeoasiQfnalfy'xeiit 'firom the fharder 'Yocks, and bome down- 
-war ds by the stream; and it k well 'that ihey shonld hettlms 
'removed ; for, were they permitted to aeenmulatedn the died of 
ilxe stream, usually narrow in such parts, they would block up 
the channel. Biit when, in its more advanced progress, the 
^stream descends into the plain, where the materials forming its 
•channel are genmlly less consistent, the more level sut&ce 
over which it passes, causes it to be less impetuous in its cha- 
racter, and its transporting power being diminished, the banks 
which restrain it within its limits are preserved. 

Great changes, however, as we have already remarked, do 
in some instances occur in the channels of rivers; striking 
examples of which are presented by some of the Italian streams, 
and not only of such changes, but also of the triumph of science 
over these natural disadvantages. The peculiar physical cha- 
racter of thesurfieuse of Italy, intersected as it is in all directions 
by mountmns, and by numerous torrents and rivers, which 
carry oflF the superfluous waters to the Mediterranean Sea on 
the one side, and the Adriatic on the other, render it especi- 
<Blly subject to changes of this description. The lofty character 
of the mountains, as compared with the small extent of surface 
from thence to the sea on either side, causes the streams to 
• descend with extreme rapidity into the valleys or plains, which 
“are frequently ravaged and devastated, to an amount quite 
Tinknown in more level and more extended districts ; and the 
changes which have been gradually efiected in the great plain 
of Northern Italy within the historical era, are very considerable. 
lEbctensive lakes and marshes have been filled up by the soil 
brought down by the streams from the upper districts, par- 
ticularly near Placentia and Parma; whilst others have been 
^drained by the deepening of the beds of rivers. Deserted river- 
counes are of not unfrequent occurrence, these extinct rivers 
being aometimes designated as morto, or ^‘dead,” and as 
cecdlfo, or old.” Thus, the ancient, but now deserted bed 
cf the Seiio, which formerly fell into the Adda, in Lombardy^ 



lB«lli6xigtn«&ed%ythe iiamec^ite 

Po, whidi has often deviated ltsaoiiiiQ,teBdiad%oih ihwe 

liBmesspjdiedtDiKfiRBMnteai^^ ^eohadg«8*which 

tito ^laee 4n ihe datter river, met ao ilhustrative^ mu 
be desirdble to^ke aliissef smew^ifihe 

most remaikable. 

About ihe endof the fourteenth, or b^nnin^ ofthe.fiibeeiiiIi 
century, the river Po changed its course, deserting past'ef >the 
territory of Cremona, and invading that of Parma; and ate aid 
channel through the former province may still be traced, bear- 
ing the name of Po Morto. The toi?ni of Bressello formes|y 
"WBB situated on the left bank of this river, but, owing to the 
change which took place at that period, now stands on the light 
bank. There is also another old channel of the river Po, in the 
territory of Parma, called Po Vecchio, which was abandoned 
by that river in the twelfth century, at which period the fiooda 
thus occasioned, caused the destruction of a great number of 
towns and villages. In the fifteenth century, the main bianch 
of the fickle river again resumed its deserted channel, which, 
however, it once more abandoned at the end of the same cen- 
tury ; and in the seventeenth century, tired of its new channel, 
it deserted the latter, but, in lieu of returning to its old course, 
shifted its place, forming for itself another new channel in the 
same district, about a mile distant from the preceding new one. 

The evils arising firom these changes in the river^s course, 
were, as may well be imagined, very considerable; for, not 
only was the loss of life and the destruction of property of great 
amount, but the shifting channels of this and other rivers gave 
rise (and, indeed, still gives rise) to constant litigation andatrife 
between the various states of Italy, of which, in many instances, 
the rivers constitute the boundaries, and w^hioh thus have bean 
occasionally subject to an increase or loss of territory, as the 
river has changed its course. The attention of ingenious men 
^as-accordingly directed to the means of remedying'^eae -evils; 
"•^and hence,” observes Mr. Rennie, *** may be dated the arigin 

thitt science, which has mnce made aoeh progress in lii^. 
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namdy^ the applicaUon of hydraulics to riven, which may be 
said to have arisen in that country.’’ 

The arts of irrigation and drainage had, however, as we have 
already seen, long antecedent to this period, been known and 
carried into practice; but after the downfid of the Roman 
empire, all the scientific knowledge which had previously 
esdsted, appears to have become extinct, or at least to have 
remained wholly dormant, until the eleventh or twelfth cen- 
turies, when, in order to check the aberrations of their rivers, 
the Italians applied themselves to the task of raising embank- 
ments in several of these streams, among which were the rivers 
Po, Reno, Amo, Brenta, &c. These artificial mounds are thus 
referred to by Dante in V Inferno : — 

As the Flemings rear 

Their mound, 'twixt Ghent and Bruges, to chain back 
The ocean, fearing his tumultiiDus tide. 

That drives towards them; or the Paduans theirs 
Along the Brenta, to defend their towns 
And castles, ere the genial warmth be felt 
On Chiarentana’s top. 

The rivers of Italy which excited the greatest degree of 
interest on account of the changes to which they were subject, 
were, however, the Po and the Reno ; one branch of the former 
river having entirely absorbed the river Primaro ; whilst ano- 
ther branch, by its vast depositions of alluvial matter, had 
blocked up the Reno, to so great a degree, as to cause the 
latter to burst its banks, and thus inundate the most fertile 
provinces of the Bolognese territory. The evil at the same 
period was greatly increased by the addition of five other 
torrents to the mass of waters. 

Such an event was well calculated to increase the interest 
OR the subject, and from this era, may be dated the rise of this 
branch of science in Italy. To guard as far as possible against 
the recurrence of so fearful a calamity, a gener^ system of 
embankment was adopted, and the rivers Po and Adige, as 
well as the greater number of their tributary streams, have 
been and are now confined between high artificial banks. By 
being thus enclosed within fixed limits, the depths and conse- 
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qiient velocity of the streams has been, however, augmented; 

result of which is, that their transporting power is also 
proportionately increased, and these waters thus carry down a 
much larger portion of sand, mud, and other foreign matter, 
than formerly ; and hence the deltas at the mouths of the 
rivers Po and Adige have increased more rapidly, since the 
practice of embankment has become general. Before these 
embankments were made, the rivers at the season of the melt- 
ing of the snow on “ Chiarentana’s top,” and the other moun- 
tains from whence they take their source, used to spread them- 
selves over the plains, inundating the lowlands and valleys, and 
depositing in those localities an annual layer of sand and mud. 
This foreign matter now subsides in the bottom of the artifi- 
cially enclosed river channels, and thus proves a serious incon- 
venience ; for these channels are by this means so much filled 
up, that it is found necessary every year to clear the accumu- 
lated deposits from the bed of the river, and also to augment 
the height of their banks. The consequence of the latter 
operation is, that the mounds, or embankments, which form the 
present bed of these streams, have been raised considerably 
above the level of the plain ; so tliat these rivers now traverse 
the country on the top of high mounds, like the waters of 
an aqueduct ; and at Ferrara the surface of the river Po has 
become more elevated than the roofs of the houses. The main- 
tenance of barriers of such magnitude and importance in a 
state of security, forms a subject of increasing anxiety as well 
as expense, to the inhabitants of the adjacent districts, it having 
sometimes been found requisite to give the additional height 
of nearly one foot to the banks of the rivers Adige and Po in a 
single season. 

We have mentioned, as a subject which excited great interest 
in Italy, the absorption of the river Primaro by the river Po. 
This is a phenomenon well deserving our attention. It is a fact, 
and at first sight, appears a singular one, that a small river, or 
even a river of some size, may unite its waters with those of a 
larger river, without perceptibly either enlarging the channel, 
or sensibly raising the surface of the latter. This apparent para- 
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doK^ is, lum)ev«r, capable of easy explanation. The incnease. 
of \f!olume, causes an incnease of velocity in the enlarged river^, 
pv(^rtionate4o the augmentations received, and consequently^ 
the waters ate carried off and discharge^ at a more rapid rate, 
than they would be in the separate streams. And though, in 
consequence of this greater velocity, the power of abrasion, or 
wearing away of the beds, is increased, and thus the channels 
usually become deepened^ the retardation by friction is less 
than it would be if the same quantity of water had continued 
to run in two separate channels. It is on this principle that 
the Figaro is absorbed by the river Po ; the Inn by the river 
Danube, and the Mayne by Ihe Rhine. 

An acquaintance with this principle is of great importance 
in: a practical point of view, for it clearly shows the inutility 
of forming side cuts in rivers, with the design of diverting the 
waters and carrying tliam off with greater rigidity in seasons 
of flood. The same remark will apply to drains ; for if the 
channel be of sufEcient size to bear the force and pressure of 
the huger volume of watej^ it is evident that there wiE be leas 
friction in one large conduit than in tw-o smaller ones, and that 
thus, the water will flow with greater rapidity with every 
fresh addition, but diminish in rapidity if side cuts be made, 
by which a decrease in volume would hdce place. The import- 
ance of drains or sewers of large dimensions, for canying off 
waste waters, in preference to a. number of smaller ones, is 
therefore veiy ^parent : and, although, perhaps, the principle 
was unknown, it was carried into practice in very remote 
times. Thus, we read in Josephus, of the vast sewers beneath 
the* city of Jerusalem, which were of such large dimensions, 
that after the burning of the city by the Romans, great nuxa- 
bm of the Jews took shelter in these subterranean retreats. 
The dty of Rome was also provided with vast suhteiranean 
djuingkof Ihe same kind,, some of which still exist at, the pre- 
sent day.. 

AH beneath the vdes and bills aroiindv 

Kytwui the -oweined arwers; 
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Hark, him the migh^ hillowe laih theirTaiiltt, 

And thunder! hew thej heave their rooks in vain! 

Though now incessant time has rolled around 
A thousand winters o'er the changeful world, 

And j«t a thousand smoe, th' inc^piaat floods 
Boar loud in their firm bounds, and dash and swell 
In vain, conveyed to Tjber's lowest wave. 

But^ on the other hand, if rivers divide themselves into two 
or more branches before they enter the sea, (as, for exam»< 
pie, the Great Bhine, which, near Emmerick, separates into 
two branches of nearly equal size, called the Waal and tho 
Rhine,) the area occupied by the streams of water, will bo. 
oxtended, and the depth and velocity diminished. Such 
instances are, however, comparatively rare (for we do not, 
now speak of the divisions caused by deltas) ; the junction of. 
two or more streams before they reach the sea, being by flu; 
the most usual condition in the natural course of rivers. The. 
efiects produced by the divisions and sub-divisions of the Rhine, 
form a highly illustrative example of the above remarks. This 
river, as we have just seen, divides itself into two branches,, 
the Waal and the Rhine. The latter, subsequently, among 
other affluents, or tributary streams, receives the rivers, 
Mayne and Moselle, without experiencing any sensible increase, 
of its channel ; but, besides other minor sub-divisions, it once; 
more, near Amheim, divides itself into two considerable streams^ 
fflstinguished as the Rhine and the Ysel. These divisions 
the Rhine are, however, artificial, the river having been divided'* 
by the Romans into numerous channels for the purpose of 
affording the facility of inland, navigation across differaut traotSt 
of country. Other sub-divisions were made in later ages and 
although this great multiplicity of channels,, thus intersecting 
the territoiy of Holland, has been productive of advantage to^ 
that country in a commeitsi^ point of view, numerous fatal com-* 
sequences have ensued, wholly attributfd>le to this sub-divisioa. 
of the Rhine; the waters of that noble iiver,.£rom beingeepaf^ 
rated into so mflny braitoheik. having thus lost the strength and, 
rapidity required* to push forward ^e> aUimal matter brought, 
down by the stream from the higher dicddots; owing.tik 
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the flat nature of the country in the latter part of the river’s 
course, a very considerable volume of water was required to 
znaintain its velocity across so level a surface. Accordingly, 
when these divisions had been made, the alluvial matter, 
instead of being carried forward to the sea, was deposited in 
the beds or channels of the separate streams, thus occasioning 
a continual rising of these beds ; which being thus, like the 
Italian rivers before alluded to, raised above the level of the 
flat, surrounding districts, it became imperatively necessary 
that they should be guarded from overflowing, by dykes, or 
embankments: thus, not only leading to vast expense, but 
also, not unfrequently, by the occasional bursting of these 
barriers, to great loss of life, and destruction of property. And 
yet farther to increase the evil, the beds of these streams being 
now more elevated than the surface of the intervening plains, 
the superfluous waters could no longer be drained into and car- 
ried oflF by their former natural outlet, and consequently have 
accumulated in the lowlands, forming extensive marshes and 
lakes, thus causing an actual loss of profitable land. 

This train of evils originated, as has already been stated, 
in changes affected by the hand of man ; and such sub-divi- 
sions of rivers near their embouchure are very rarely met with 
in the natural world. An instance, however, does occur in the 
Mississippi, from which river, a branch, called the Atcha&laya, 
or lost water,” diverges at the distance of about 260 miles 
from its embouchure. When the Missisippi is full, an 
immense body of water is carried down this branch ; but when 
the former river is low, the water sometimes flows back into 
it from the Atchafisdaya. 

Such sub-divisions are, however, as we have already remarked, 
uncommon ; and, indeed, in the more usual arrangement exhi- 
bited in the progressive increase of a river by its junction with 
successive tributary streams, we may trace a beautiful and 
most beneficial adjustment : for, the collective waters, instead 
of spreading out over a larger horizontal surface as they 
approach the sea, are thus made to occupy less space ; and not 
only are^ the richest districj» by this means preserved from' 
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continual inundation, but the additional volume of water, as 
we have already seen, causes the velocity of a river to he main* 
tained in the more level part of its course, where, owing to the 
smaller degree of inclination in the surface, the rapidity of 
the stream would otherwise be checked. This increase of 
force near the embouchure or mouth of a river, is also of 
importance in preventing the accumulation of shoals and sand* 
banks, which otherwise would increase with great rapidity, 
and choke up the entrance ; but, on the other hand, it rather 
favours the formation of deltas, or rich alluvial deposits, near 
the mouth of the river, owing to the greater quantity of 
foreign matter home down by the more powerful current. 
And, at the same time, the greater volume or depth of water 
contained in a river after its junction with other streams, ren- 
ders that portion of a river which crosses the most valuable 
districts of our continents, more especially adapted for purposes 
of navigation. 

The river Mississippi displays, on the grandest scale, the 
action of running water on the surface of a vast continent. 
This magnificent stream rises nearly in the 49th parallel of 
north latitude, and flows to the Gulf of Mexico — ^a course, 
including its meanders, of little less than 5,000 miles. No 
river affords a more striking illustration of the law before 
mentioned, that an augmentation of volume does not usually 
produce a proportional increase of surface ; nay, is sometimes 
attended with the narrowing of the channel. The Mississippi 
is half a mile in width at its junction with the Missouri, the 
latter river also possessing an equal width; and the united 
streams, from their confluence to the mouth of the Ohio, have 
only an average width of three-quarters of a mile ; whilst the 
junction with the Ohio, so &r from producing an increase, 
causes rather a decrease of surface. As the Mississippi pro- 
ceeds onwards in its majestic course, it receives the river St. 
Francis, the White river, the Arkansas and Red rivers, all of 
which are absorbed by the main stream, without any apparent 
increase of surface ; and when at length, after having received 
these, and all its other numerous affluents, some of which am 
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nogliig^ Arm,, it i^pnMohes. ilie sea at Naw^ Oiisan^. it is, 
soamljr balf &inile in width; the ani&oe o£ this vast aoeu'^ 
nmiailoa o£ wi^eia in this part beings aa will be pei^oeivetic^, 
]!athtt^ lass than that possessed by the xiverbefore itsoonfluenoe 
with the Missouri. But though thua. remarkable for main- 
taining this moderate width, the Mississippi is at least equally 
remarkable for its great depth., It is the depth/’ observes 
CiqHain Baril Hal^/^ which g^ves this, mighty stream its sublL* 
mity.” The average depth of the river, from tlie confluence 
of the Missouri, is amd. to be about 100 feet ; and though, 
owing to the occurrence of shoals, the depth is in some places 
reduced to 50 feet, the greatest depth at New Orleans, has been 
estimated at no less than 168 feet. 


CHAPTER XI. 

NAVIGABIiB CANAia. 

In a commercial country like Great Britain, the importance of 
inland navigation by means of rivers, or, where these do not 
exist, by the formation of artiflcial water-courses, — 

To tettcli 

The stream a naval course, to till the wild, 

Or drain the fen, or stretch the long canal : 

hascaused our idand to be intersected in nearly every direction by 
navigable nbanne ls , reaching almost to its remotest extremities. 
JiiLm early period of English history, and long before the oonr 
etrvttstion in this oountiy of navigable canals^ great attention 
appears to have been paid to the preservation of a free and conr 
Tcnient communication in our navigable rivers; aa express 
clause to that e&ct bring inserted in Ihe Magna Gharta: anti 
at subsequent periods, acts, of parliament were from time tO’ 
thne passed for the conservancy of our rivers, by causing them* 
to be deepened and straightened, and also embankments to be^ 
inad% where necessscy; and likewise, by means of weirs and 
sbiic^ penning up, t]m anzftce of tha wato, or lowering it^as. 
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v^ht b« ivquixBd; &r thrpiii^os6PQ£ ranoving^oroyeDBon^ 
tli« <ib»ini€tiQn»t9 ii»vigatso& Yanons dtsTi^ackfl^ howeyw^ 
attended these attempted impi»y«m»Dt8^ whick wmatimai^r" 
indeed, owing to want of pinper managemenb and othei oanses, 
inoveased instead of remedying the eyii* they warn dealgiied im 
remoye. The oircnikms navigation al8(v fiiHewing^ the, 
windings of a riyer, and the trackage against the cnzisnt, whem 
ascending a stream, or proceeding against the tide, at all times: 
rendered the progress along a riVer laboiioiis and dilatmy:^ 
These difficulties attending inland navigation, at length suggested' 
the idea of substituting artificial canals for tiie natural beds o^ 
rivers, or of forming short cuts, by whick the course of a stream? 
might be materially shortened, or in some oases, wateivfidls. 
and other obstacles to navigation avoided. 

i^gland, however, was behind her neighbours in ike intn^ 
duction of works of this description. Encompassed by tho^ 
ocean, and possessing good harbours, as well as some navigahlo. 
rivers, her principal commercial towns,— London, Liverpool 
Bristol, Hull, — rose in situations which gave them the com- 
mand of water-Kiarriage ; and the principal manufacturing towns' 
also, with the exception of a few which acquired importance^ 
from other local advantages, were situated on rivers, both for 
the convenience of water-carriage, and also with the view of 
profiting by the water-power afforded by the stream, in turning* 
mills for working the various kinds of machinery. 

The introduction of the steam-engine, however, as we have' 
already remarked, formed a: new era in the manufoctures and 
commerce of the country. The manufiictaror was no longer 
dependent on a running stream for the moving power of his 
machinery, and manufoctures could be carried on with advaa>>« 
tage in districts remote from any river. With the increasing 
mauufoctures, however, Ihe importance of inland wateiHauriagO' 
became more and move apparent ;* and this consideration ledt<r 
the formation of the numerous navigable canals which inteiv 
sect the island, the greater number of which wea»' constructed' 
towards the close ef the Bast, or the commencement of the^ 
present century. Before- giving one at^kmtioiit to the Bia^sh 
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^dM^liitoGm 
^^«itef%il>k canals are of verj ancient date^ %ypt having 
hModehiated for its canals from the earliest periods of history, 
^e most celebrated of these was one that was carried across 
ihe isthmus of Suez, the deiugn of which was to form a commu- 
nication between the Nile and the Red Sea. This great under- 
taking was commenced by Pharaoh Necho, about 600 years 
before the Christian era; but after his death, appears to have 
been discontinued until Egypt fell under the Persian dominion, 
when Darius Hystaspes made some progress in the work; but 
it appears doubtful whether it was ever completed, according 
to the original design of carrying it entirely across the isthmus, 
.It was on a magnificent scale, being described by Herodotus 
as of sufficient width to admit of four vessels passing abreast. 
According to some accounts, it was completed by Ptolemy 
Philadelphus. 

The first canal known to have been constructed in Europe, 
was one formed by Xerxes during his invasion of Greece. This 
canal extended across the low isthmus which unites the pen- 
insula of Athos, or Monte Santo, with the mainland. It may 
still be most distinctly traced nearly the whole way across the 
isthmus, the distance of which, however, does not exceed a 
mile and a half. The width of the canal appears to have been 
fdmut eighteen or twenty feet, and in many parts, it is still 
deep and swampy at the bottom, and filled with rushes and 
other aquatic plants. Little, however, did the construction of 
this navigable passage avail the Persian monarch : his fieet was 
destroyed off Salamis, and he was forced to retreat with dis- 
honour to his own countiy ; but it is not a little remarkable, 
that this canal of Xerxes is at the present day of considerable 
service - to other navies.** The rain and small springs which 
drain jdown into it from the adjacent heights, collect in this 
aifd, except in very dry weather, it thus affords, on the 
western side, a good watering-place for shipping. 

TSitr Romans, among their other stupendous works designed 
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■vragi^flw Mta^ illMir 'fMentloB' to the construction of 
navigiile canals. Among the most remarkable of these wu 
that of the Pontine Marahes^ which, though primarily dengned 
to act as a drain in drawing off the waters irom that swampy 
district, was also applied to the purposes of naTigation. llie 
falling to decay, and disuse of this drainage, renders the district 
across which it was carried, at some seasons of the year, wholly 
unfit for the abode of man. . 

The Roman canals to which, however, we design more 
especially to direct our attention, on account of their more 
immediate interest to ourselves, are those which were con- 
structed by the Romans in Britain, and of which evident traces 
still remain in many parts of the island. Such are the Caer 
and Foss Dykes in Lincolnshire. The Foss Dyke connects the 
Witham at Lincoln with the Trent above Gainsborough, by a 
level cut of eleven miles in length. The Caer, or Carr Dyke, 
skirts the uplands and fens, from the river Nene at Peterborough, 
to the river Witham near Lincoln, having formed a canal 
forty miles in length. This work, like that of the Pontine 
Marshes, served the double purpose of a drmn for the super- 
fluous waters of the district it traversed, and of a navigable 
canal. The late Mr. Rennie, speaking of this Roman work, 
observes, ‘‘ I have traced its course, for the greatest part of the 
way, and a more judicious and well-laid out work I have 
never seen,” ‘‘If the Carr Dyke,” continues Mr. Rennie, 
^ were in good condition, and with a proper outlet, it would 
greatly relieve the whole level.” It will, however, be observed, 
that these canals of the Romans were connected with the 
drainage of the adjacent districts; and, in fact, before the 
invention of the canal lock, very little beyond this could be 
done in the way of artificial navigable water-courses. 

The system of inland navigation, by means of canals, has 
been long and extensively practised by the Chinese, some of 
their canals being supposed to have been in operation for 
nearly 2000 years. As their canals do not appear to have 
been mere “catch* water-drains,” like those of the Romans, 
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^Skaemaag <s£ mm ^sitentien. 3^ n^eat tsu 
iC limw e swMds «6emB ^ duvre been1» cavryonla&d^m^ 

t&e rer^ ihxteeior of tl»e ^sountry:, and according idi€^ 
mmtB^^amediiaatly st^ht angles wiidi the ^isinoipal ilwrBy 
WF<t of ^hieh run from iwest touuNst*; ^but^ m^accoiiiplishhig 
Ifins design, itheicimalB^inaianyiinBtaiices, "wete oarvied across 
li^hand hill^ districts, in ^consequence of i^hich the di£Eerent 
^parts of the canal weald necessarily he on different levels. It 
therefore became requisite, that some mode should be adopted 
'Of conv^ing the barge or vessel, from the upper to the lower 
•division df the canal, or in the contrary direction, according to 
^xnrcumstanoes. This is generally effected in China by means 
Uf an inclined plane and rollers, along which the vessels axe 
drawn by men. In some of these inclined planes the ascent 
•and descent is fifteen feet. The banks of the Chinese canals 
:are frequently lined with masonry; and they are usually pro- 
vided with sluices to let 'off the water, for the purpose of 
irrigating the country, and supplying the towns on their 
borders with water. 

In modem Europe, canal-making appears to have been 
frst revived in Northern Italy and in the Netherlands. In the 
latter territory, the formation of canals began in the twelfth 
:scentury ; and it was in great measure due to this circumstance 
.that Flanders became the entrepot of Europe, and rose to its 
^commercial emhienoe. The Italians, in the eleventh and 
:tW6lfth centuries, applied themselves to the task of rendering 
navigable several of their rivers, such as theBrenta, Amo, &c.; 
and about the same period constructed several canals for irriga- 
tion and drainage. But it was only after the invention of the 
jhcky for transporting vessels from one level of a river, or 
canal, to another, that a new career was opened to hydraulic 
architecture. 

A lock consists ofa chamber, foimed of masonry, occupying 
the whole bed of the channel where the difference of level is 
to be overcome. Thk ohamher is so contrived, that the level 

the water which it contains, may, as required, be made to 
coiaoifle with that in the upper or lower canaL This is 
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effedted by two pair of gates, one pair being plaeed at ^eaeli 
lend Of the ohamber. When the gates at the lower end of the 
lock are opened, and those at the upper >end'Clo9ed, the wi^r 
mdthin the ohamber will, of course, stand at the same level a» 
that in the lower portion of the eanal'; but when the gates at 
the lower end are closed, and those at the upper end opened, 
the water which enters the chamber from above, 'is penned or 
lodted np, so as to maintain in the lock, the same level as that 
in the more elevated portion of the canal. And thus, if a 
barge or vessel, be required to be transported from a lower to a 
higher level, it is frrst floated into the lock, from its station in 
the lower part df the canal; the lower gates being then 
closed, the water is gradually admitted into the lock from the 
upper part of the canal, until the water in the lock, is level 
with that in the latter. The vessel of course rises with the 
Tise of the water, and the upper gates being then opened, it 
may be passed onward into the upper part of the canal. By 
reversing this mode of proceeding, and letting the water gra- 
dually escape, boats may be readily conveyed from the upper 
to the lower level. By this beautiful contrivance,” observes 
Mr. George Reimie, ‘‘all the difficulties attending navigation 
were overcome, rivers were rendered navigable, or avoided 
when too rapid or too dangerous, whilst the irregularities of 
the surface of a country were compensated.” 

The precise period of the invention of this important piece 
of hydraulic machinery, and, consequently, the name of the 
individual to whom the invention is due, appears to be involved 
in obscurity ; but there seems to be little doubt that it was 
flrst practically applied in Italy. According to Mr. George 
Rennie, the Naviglio Grande, which extends from Milan to 
the River Picino, was undoubtedly the flrst canal constructed 
with a lock. This is supposed to have been formed in the 
thirteenth century; but it was not until the close of the 
fifteenth century, that canal-locks were made use of to their full 
extent. At that period, the celebrated Leonardo da Vinci, who 
to his eminence as a painter, and cultivation of the fine arts 
generally, added great skill in mechanics, as also in many other 
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biaiM^eBof sdenoe, aocomplii^ed the feat of uniting two canals 
cf different lerels, by means of a series of locks. This work 
was performed under the auspices of Iioub Sforza, duke of 
Milan, who had formed the project of supplying the city of 
Milim with water from a distant source, though with the further 
design of applying this canal for the purposes of navigation. 
To eflFect this twofold object, and to carry a navigable channel 
4 icross hills and valleys, appeared at that period next to impos- 
sible; but the task was happily accomplished by Leonardo 
da Vinci; a navigable channel, called the canal of Morte^ 
sarMy being formed, above two hundred miles in length, which, 
passing through the Valteline and the valley of Chiavenna, 
conveyed the river Adda to the very w^ls of Milan. 

This application of the canal-lock having been once success- 
fully made, it will be readily supposed that its use did not stop 
here. And it appears, in fact, that a canal, constructed with 
a series of locks, and in part connected with that above- 
described, was formed about twenty years later by Francis I. 
On the accession of that spirited prince to the throne of France, 
he devised various plans for the improvement of inland navi- 
gation ; and among others, was that of opening a communica- 
tion from the lake of Como to the city of Milan, by means of 
the before-mentioned canal of Mortesana, and the river Adda. 
The hilly nature of the country through which the latter 
flowed, and the consequent impetuous nature of the streams, 
rendered this a task of no small difficulty ; but the obstructions 
to navigation were overcome by a short cut, or canal, parallel 
with the rapid portion of the river Adda, and provided with 
ten locks. This work, called the canal of PademOy was com- 
pleted in the year 1520. The contests in which Francis was 
subsequently engaged with the Emperor Charles V., however, 
put A stop to these projects of the French monarch, and it does 
not appear that any other of his designs for the improvement 
of inland navigation, were carried into execution. 

Canal navigation, on any scale of importance, does not appear 
to have been introduced into France proper, until the beginning 
of the seventeenth century. At tliat period, the canal of 
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Briwrt was projected; but this canal, though commenced in 
1605, during the reign of Henry IV., was not completed until 
that of his successor, Louis XIII., in 1642. This canal, called 
also the canal of the Loire and Seine, because its object was to 
conned those two rivers, is about thirty-four miles in length, 
and contains at least forty locks. It is important for supplying 
Paris with provisions firom the interior provinces. The canal 
dll Midi, or canal of Languedoc, is another very important work, 
This canal, which was effected during the reign of Louis XTV., 
was designed to form a communication between the Mediter- 
ranean Sea and the Atlantic Ocean. The canal is one hundred 
and forty-eight miles in length, extending from Cette, on the 
coast of the Mediterranean, to the Garonne, the navigation being 
carried on by means of that river to the Atlantic Ocean. This 
vast work, which was completed in 1680, contains a hundred 
and fourteen locks, is crossed by ninety-two road- ways, and 
has fifty-five aqueduct (or rather viaduct) bridges, carrying the 
line over the various valleys it traverses in its course. 

The construction of canals commenced in Russia under 
Peter the Great. The most remarkable Russian canal is that 
of Vishna- Volosholk, the object of which was, by connecting 
the rivers and lakes situated in that line, to open a water com- 
munication between Astracan and Petersburgh, a distance of 
1434 miles, and thus, between the Caspian and the Baltic. 
Various other canals have been formed in Russia; and so 
extensive are the means of inland navigation in that empire, 
partly by canals and partly by rivers, that goods may be trans- 
ported, by water-carriage, from the very frontiers of China to 
Petersburg, a distance of 4472 miles. 

In more recent times, canals have been constructed in 
Germany, Denmark, and Sweden, though not any sufficiently 
remarkable to detain us at present, except the canal of Keel in 
Denmark, and that of Trdlkatten in Sweden. The canal of 
Keel is chiefly remarkable from its opening a communication 
between the Baltic Sea and the German Ocean. The canal of 
Trolhatten, however, presents more interesting featurei^ being 
remarkable for the bold and rocky character of the country 
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through which it passes, near the rapids of the river Gotha, 
which consist of successive cascades, one of which is sixty feet 
in height, the whole amount in the fall of the river being 
Il4 feet. These rapids totally interrupted the navigation of 
the river Gotha for the distance of about two miles ; and the 
project of constructing works by which to pass this portion of 
the river was long contemplated, but the rocky nature of the 
country, appeared to present an almost insurmountable obstacle 
to its accomplishment. This gigantic work, was, however, 
performed in the year 1800, by means of a circuitous canal, 
and these rapids are now avoided, and the line of navigation 
continued, by a canal containing nine locks, mostly excavated 
nut of the solid rock. 

The improvement of inland navigation by artificial means, 
does not appear, as we have already remarked, to have made 
much progress at an early period in Great Britain ; and it 
was not until the reign of the Stuarts, that this department 
of hydraulics was practised with any regard to scientific prin- 
ciples. At that time, however, practical engineering, which 
has since flourished in this country with such unparalleled suc- 
cess, was introduced in a scientific form, the first efforts having 
been directed towards drainage. 

The immense district, including the fens of Lincolnshire, 
and the tract called the Bedford Level, consisted, in great 
measure, of a morass, in many parts covered with stagnant 
water, which, in some places, stood from ten to twenty feet 
deep ; whilst in the few spots where the earth was not covered 
with water, the soil was spongy and boggy. The inhabitants 
of the fenny districts, and of the towns in their neighbourhood, 
could only hold communication by means of boats, and this 
with some difficulty at all seasons, on account of the sedge and 
fiUme with which the ground was covered ; but in winter, when 
^0 surffice of these swamps and morasses was frozen over, and 
the ice not sufficiently hard to admit of traffic, the inhabitants 
Were completely isolated, and at times in danger of perishing 
fbr want of food. The superficial contents of the fenny tracts 
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In this immense district^ have been estimated at 1615 sq^oare 
miles, or above a million acres. 

The practicability of draining this extensive morass, appears 
to have been long entertained, and so far back as the year 1436, 
in the reign of Henry VI., some attempt of the kind was made; 
-embankments having been raised, and ditches or drains cut at 
n very great expense ; but, as these were not constructed on 
scientific principles, the works gave way with the next 
■winter’s floods, and the attempt was abandoned in despair. In 
the year 1478, another attempt was made with greater success 
by Bishop Moreton, to drain some portion of these fens. This 
cut, called MoretovCs Leame, had a width of fortj" feet, and was 
navigable. It extended from Peterborough to Guyheme*. 

Another attempt to drain these fens was made in the reign 
of Elizabeth; and yet another in that of her successor; but 
nothing effectual was accomplished until the year 1634, in 
the reign of Charles I., at which time the project was formed 
of draining these fens on a grand scale, by Francis, earl of 
Bedford, and it was in compliment to that nobleman, that the 
tract thus reclaimed, has been named the Bedford Level: 

Bedford Level erst] 

A dreary pathless ^raste; 

« * * 4 ^ * * 

’Till one of that high-honoured patriot name, 

Russell ! arose, who drained the marshy fen. 

Confined the waves, bade groves and gardens bloom. 

And through his new creation led the Ouse, 

And gentle Camus, silver w'inding streams. 

God-like beneficence! from chaos drear. 

To raise the garden and the shady grove. 

The rivers that drain this immense district, though numer- 
ous, had naturally too small a volume of water in proportion 
to their inclination, to carry down the waters with sufficient 
force to keep the channel clear. The great estuaiy, or bay, 
through which the different rivers disembogue themselves 
into the German Ocean, is very shallow, and full of shifting 

* This cut was subsequently improved by Charles I., and it now is con- 
sidered as part of the river Nene. 
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Bands. Th« rivers which, especially in times of flood, are 
loaded with silt, are met in this estuary by the tide, equally 
charged with silt and sand ; and hence a sediment is deposited, 
and banks are formed, at the mouths of the rivers, at a greater 
or less distance, according to the force of the current; and the 
nearer the bank, the more will it prevent the firee egress of the 
jsuperfluous water drained from the fens. 

We have before seen, that when a river has a small degree 
of inclination in its channel, this may be compensated by an 
increase of volume, because the current of a stream moves with 
much greater force when the body of water is larger. In 
order, therefore, effectually to drain the fens, and also to pre- 
vent the further increase of sand-banks at the mouths of the 
rivers, the remedy that would naturally suggest itself, would 
be, if possible, to augment either the inclination of the channel, 
or the volume of water, in the rivers flowing across such a 
district. It is upon this principle, that the drainage of the 
Bedford Level has been effected. The drainage here passes off 
by the rivers Ouse, Nene, and their tributaries, which discharge 
their waters into the great estuary, usually designated as ‘‘ the 
Wash,” but called by the Romans, the Metaris ^stuarium. 
The river Ouse enters this estuary near Lynn, and in the year 
1720 a plan was projected by Mr. Kinderley, of forming a 
direct cut across the marshes from a place called Eau Brink, 
to Lynn, a distance of about two miles and a half, instead of 
allowing the waters of that river to flow by their old circuitous 
channel, wliich was upwards of five miles in length. This 
plan was not, however, carried into execution until above a 
century later, having been only completed in 1825, under the 
Buperintendence of the late Mr. Rennie. By means of this cut, 
called the Emi Brink CW, the slope is of course considerably 
increased, there being now the same fall in two miles and a 
half, as there was previously in twice that distance. The 
volume of water is also augmented, new cuts or drains having 
been made in various directions through the fens, with an 
inclination in their beds of {rom three to five inches in the 
mile, all of which are carried into the Eau Brink Cut. Be- 
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sides these drains intersecting the fens, a catch-water drain’* 
(i.e., a drain to catch the waters from the upland districts, and 
prevent them from entering the marshes,) has been formed 
round the base of the hills skirting the fens, and the water 
thus collected, is conveyed into the Eau Brink Cut, by which 
means the volume of water in the latter is yet further aug- 
mented. By this magnificent drainage, the object of prevent- 
ing the accumulation of silt and sand at the mouth of the river, 
has been effectually accomplished, nay, more, the previous 
accumulations have been carried off, the harbour of Lynn 
having been deepened above seven feet since this cut was 
made. And in the line of country between Eau Brink and 
Lynn, in a spot where before there was a depth of twelve feet 
of water, there is now a tract of 900 or 1000 acres under culti- 
vation. This gain of land is, however, trifling, when compared 
witli what has been effected by drainage in some other parts of 
these fens. One instance must, however, suffice us. In the 
districts drained by means of the cuts communicating with the 
river Witham, where formerly— 

The ox hath stretched his yoke in vain, 

The ploughman lost his sweat; and the green com 

Hath rotted ere his youth attained a beard; 

no less than 40,000 acres of valuable land have been wholly 
reclaimed ; and the increased annual income in these fens, due 
to the process of drainage, has been estimated at 81,600L Some 
of these lands have been raised and rendered fit for cultivation, 
by the process of warping^ that is, allowing the waters to 
deposit the earthy matter borne down in times of floods ; a 
practice frequently adopted in Italy, where it is called 
colmata*. 

But, although some of these cuts were, as we have seen, 
designed to perform the part of navigable channels, as well as 
of drains, the latter was, in fact the leading object in their con- 
struction ; and the first navigable canal, formed exclusively for 
the purposes of navigation, was the Smkey Brook Canal, which 

* From colmare, “ to heap up." 
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rB8 completed in 1760. This canal extends from the Sankey 
Biook^ in thd river Mersey^ to the coal-pits at St. Helens, the 
object being to supply Liverpool with coals from the pits at 
St. Helens. The formation of this canal may be regarded as a 
new era in the annals of our internal improvement. ‘‘ Great 
and important works had already been executed: rivers had 
been deepened and rendered navigable; the metropolis waa 
already supplied with water by the New River; fens had been 
drained and brought into cultivation ; but it was reserved for 
the more peaceful era which followed the accession of George 
111., and for the increased and increasing national means of this 
period, to achieve the vast system of interior navigation, which 
has contributed so greatly to the commercial interests of the 
country.” 

Before this period, however, locks had been introduced into- 
some of our rivers. According to some accounts, the first lock 
known in this country was one erected on the Exeter naviga« 
tion in the year 1675. Other accounts, however, assign the 
first introduction to Sir Richard Weston, who is said to have 
brought it from the Netherlands, at about the same period, and 
to have constructed locks on the little river Wey in Surrey; 
that stream having thus been rendered navigable. 

We have just seen that the Sankey Brook Canal was the 
first opened for public use in England. Before this was finished,, 
the Duke of Bridgewater commenced the well-known canal 
which bears his name. The object of this canal was to open a 
communication between Manchester, and the Duke’s extensive 
coal-mines at Worsley. The obstacles were so great, both from 
nature and art, that the undertaking must altogether have 
fiuled, had not the plans of the projector been seconded and 
carried out, by the genius of the celebrated engineer, Brindley, 
who, from a common mill-wright, rose to the highest eminence 
in his profession. No locks were introduced in this canal, 
the whole channel of which was so constructed, that the water 
presented a level surface. To accomplish this, however, every 
resource of art had to be called forth : the canal being carried 
through vast excavations, partly in the interior of the mine 
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itsdf^ and partly in subsequent portions of its course. Deep 
cuttings were effected in other parts ; and artificial mounds in 
others; whilst it was carried over numerous public roads by 
means of aqueducts^ besides the magnificent aqueduct bridge 
over the river Irwell at Barton, which was thirty-nine feet above 
the level of the water, and thus of sufficient elevation to allow 
vessels to pass under it at full sail*. By such means^ this 
remarkable canal was carried on a level for the distance of fifty 
miles. 

The Duke of Bridgewater expended on this grand undertak- 
ing, the whole of his fortune, amounting to 350,000^., and its 
failure would have left him destitute ; but the event proved 
otherwise, for coals being now conveyed with such facility from 
the duke’s coal-mines to Manchester, he was enabled immedir 
ately to reduce the price of that important article to one-half 
of its previous cost, and as the demand in consequence increased 
in a manifold ratio, the trade became so great, that ere long it 
yielded twenty per cent, on his original outlay, thus rapidly 
producing an enormous income. It is not, however, the duke 
and his heirs alone who have profited by this noble work; this 
canal having no less tended to promote the public prosperity 
of the realm,than to enrich the projector’s femily ; and the wealth 
which this nobleman was the means of creating, has been 
diffused amongst eveiy class of his countrymen. 

An impulse being thus given to the promotion of inland 
navigation, the duke’s example was soon followed by other 
projectors; and, within forty-two years of the completion of 
the Bridgewater Canal, application had been made to parlia- 
ment for no less than sixty-five acts, for cutting canals in Great 

* When Brindley proposed canying the canal over this river, by this 
aqueduct, at the elevation of thir^-mne feet above the water, he draired, fat 
the satisfaction of his employer, to have another engineer consulted. It is 
related, that the individual called in to give his opinion, on being taken to 
the place where the proposed aqueduct was to be constructed, sarcasticany 
remarked, that ‘*he had often heard of castles in the air, but never shown 
before where any of them were to be erected." The duke, however, placed 
such confidence in Brindley, that was not to be deterred from pursniag die 
plans of the latter ; and the aiqueduct bridge was completed with entire aueceatf 
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Bdtaiiu It is related of Brindley, that on one occasion, when 
attending a Committee of the House of Commons relative to 
ibis subject, he expatiated with considerable warmth on the 
fiuperiority of canals over rivers, the course of the latter being 
nsuelly circuitous, and presenting various obstacles to navigation, 
BO that in many cases it was found advantageous to construct 
cands parallel to rivers, instead of canying the navigation 
along the latter. One of the members present asked him. 
For what purpose, then, has Nature intended riversi” — To 
which he readily replied, To feed navigable canals.” 

The Chrcmd Trunk Canal^ which was begun in 1766, under 
the superintendence of Brindley, was an undertaking on a yet 
grander scale than the Bridgewater Canal. The length of this 
canal is ninety-three miles, and it crosses the ridge of hills 
which traverse the island from^ north to south, the object being 
to unite the navigation of the Mersey with that of the Trent 
and Humber; thus forming an inland water communication 
between the western and eastern counties, but especially be- 
tween Liverpool and Hull. In crossing the ridge of hills before 
mentioned, this canal passes through a tunnel nearly a mile 
and three quarters in length, and in some parts 210 feet below 
the surface. Brindley gave the name of the Grand Trunk 
Navigation, to this canal, because he considered it probable 
that, from its great commercial importance, many other canals 
would be formed as branches from this trunk. Nor was he 
mistaken in this conclusion, for it not only gave animation to 
the trade of all the districts through which it passed, but also 
formed the centre from whence various canals and railways 
diveiged. Thus, from its eastern extremity, lateral branches 
have extended to Derby, Nottingham, Grantham, and other 
considerable towns ; whilst, from its western side, the Ellesmere 
Carnal branches into Wales, and by this means the mineral and 
iagricultural produce of that principality finds easy access to 
lAverpool. The latter canal is remarkable for two fine aqueduct 
or viaduct bridges ; that of Chirk, in Denbighshire, and that 
of Pont-y-Cysylte, in the vale of Llangollen. The Chirk aque- 
duct consbts of ten arches, supported by pyramidal piers of 
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stone, and extends about 600 feet !n length, the height of the 
central arch above the water being about sixty-seven feet. The 
aqueduct of Pont-y-Cysylte, which crosses the Dee at the dis- 
tance of about twenty miles from Chester, is on a grander scale* 
This aqueduct is supported on nineteen stone pillars, and 
extends for 988 feet, having an elevation of 125 feet above the 
river. It presents a singular and highly picturesque appear- 
ance, spanning as it does the beautiful valley below, and seeming 
to suspend high in the air, the vessels which pass along this 
portion of the canal, whilst the Dee, undisturbed by the traffic 
on the artificial water-course above it, still flows beneath, 
retaining all the repose and all the beauties of its natural 
scenery. 

The Leeds and Liverpool Ccmaly by a more northerly route, 
also forms a line of water communication between Liverpool 
and Hull. This canal, which is 120 miles in length, connects 
the Mersey with the Aire, a tributary of the Yorkshire Ouse, 
which latter falls into the Humber. This line passes through 
the great cloth-manufacturing districts, and important branches 
extend from this canal into Lancaster and Kendal. 

Canal navigation has also formed an object of attention in 
the less northerly districts of the island ; and in the year 1805 
the Grand Junction Canal was constructed, extending from the 
vicinity of London to Coventry, a distance of ninety miles. 
Near Daventry, the Grand Union Canal strikes off from the 
Grand Junction, and joins the Grand Trunk, thus forming an 
inland communication between the metropolis and Liverpool, 
as well as with all the great manufacturing towns of the 
western districts. 

The Thames and Severn Canal unites these two principal 
rivers of the island, whilst, by means of the Berks and Wilta 
Canal, a communication is formed from the river Thames, near 
Abingdon, to the cities of Bath and Bristol. The canals to the 
south of the river Thames are comparatively few and unim- 
portant ; indeed, the absence of large manufacturing towns in 
these districts, and the greater proximity of this poition of the 
island to the se^ render them much less called for than in the 
more central counties. 
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\ Isk Briiau^ owing to the general rnggedneas of the 
fBfcfiicet canal ntTigaitloii meeta with pectdiar obstructions; and 
teiee works of this description have never been numerous in 
Sootiand. As early as the year 1768, however, a canal, dia^ 
l^ignished by the name of the Ch’eat Canaly was undertaken 
by some citizens of Edinburgh and Glasgow. The object of 
ihis canal was very important, it being designed to unite the 
German and Atlantic oceans, by means of a channel, along 
which vessels of considerable size might pass from the Frith 
of Forth to the Clyde, and thus avoid the circuitous and 
frequently perilous voyage, round the northern shores of the 
island. Want of funds occasioned a long delay in the exe* 
cution of this useful undertaking, but it was ultimately 
completed in the year 1790. 

The Caledonian Canal^ which is on a far more magnificent 
scale than the preceding, had a similar object in view, and, like 
that, crosses the entire breadth of the island. In our present 
instance, the chain of lochs, or lakes, which intersect Scotland 
in a diagonal direction, extending through the counties of Inver- 
ness and Argyle, suggested the idea that a water communication 
might be formed, by which large merchant-vessels, and even 
ships of war, might pass from the German Ocean into the 
Atlantic, without encountering the perils of the Pentland Frith 
and Cape Wrath ; and accordingly tliis great work was com- 
menced in 1808, under the superintendence of Mr. Telford. 
The nature of the ground, and the different levels of the suc- 
cessive lakes, presented vast difficulties in the accomplishment 
of this undertaking ; but every resource of science was called 
forth, and the canal was completed in 1822, An inland navi- 
gation of 250 miles has thus been formed across the very 
central districts of Scotland, extending from the Murray Firtfa^ 
on the eastern coast, to Cantyre, on the western side of tho 
iriand. At Fort Augustus, the canal is cut through the glacis 
of the fortification, thus adding to the strength, as well as the 
^pearance, of the fort ; which, with the five locks formed of 
solid masonry rising behind, presents a remaikable combination 
of both civil and military engineering, united with highly 
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taking may in flomo rneasme be eoBceifOd, when it h 
that in the distance eight inilei^ (that k, from Loch Lochj 
to Loch Eil,) the canal passes, by means of aqneduct-bridge^ 
three laige streams and twenty-three smaller ones, whilst in the 
last two miles, just before it enters Loch Eil, where this line of 
navigation opens into the Western Sea, there is a descent of 
64 feet, which is passed by a series of eight connected lock^ 
each 180 feet in length, by 40 in breadth; the whole forming 
a solid and continuous mass of masonry, 1500 feet long, and 
60 wide. This system of locks is called by the sailors, 
Neptune’s Stmrease, and it may well be supposed that the 
appearance of large vessels descending the mighty flight of 
steps, formed by these stupendous locks, must present a mag* 
nifleent and imposing spectacle. The formation of a great lino 
of communication through any part of a country, usually, also 
leads to improvement in the districts across which it passes; 
and it appears that since the construction of the Caledonian 
Canal, upwards of a million of forest trees have been planted 
along its borders. 

Canals, which have proved so beneficial to the commercial 
prosperity of Great Britain, have been conducted on a bold and 
extensive scale in Ireland. The two principal works of this 
kind in the latter country are the Chand Dublin and the Bo^al 
Irish CanaU^ both of which extend, by different routes, front 
Dublin to the river Shannon. The commencement of the 
Grand Dublin Canal was nearly coeval with that of the 
Sankey Brook Canal, though it was not completed until 1776. 
This canal passes through Kildare and King’s County, and 
joins the Shannon near Clonfert, about sixty miles above 
Limerick. It is carried for twenty-four miles across a bog, 
and the absorbing nature of the soil rendered the construction 
of the canal very laborious, as well as expensive, in this part 
of its course. Hie Royal Irish Canal joins the Shannon at 
Tarmonbarry, about forty miles above the junction of that 
river with the Grand Dublin Canal. The Royal Irish Canal 
passes through the counties of Meath and Longford; its. 
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greatest elevation above the sea being 307 feet, to which it 
ascends from Dublin by means of twenty-six locks, whilst the 
descent to the Shannon is effected by fifteen locks. 

These canals have, however, failed of producing the benefits 
anticipated to Ireland from their construction, a circumstance 
which, though doubtless arising in part from other causes, is 
mainly attributable to the obstacles presented to navigation in 
the river Shannon. This river, instead of forming one continued 
Stream, may be considered as consisting, from its source in 
Lough Allen to its termination in the sea, of a series of lakes 
and rivers; the consequence of which is that the soundings 
vary greatly, the water being in some parts very deep, whilst 
in others it is equally shallow. The bed of the Shannon is 
also much broken by islands and rocks, and in seasons of flood 
is subject to be overflowed to a great extent on both its banks, 
whilst great detriment has arisen to navigation from the land- 
floods. The importance of improving the navigation of this 
noble river, which is without a rival in the British Isles, had 
long been felt, and is even supposed to have originated with 
the celebrated Earl of Strafibrd, who was appointed lord- 
deputy of Ireland in 1631*. It does not, however, appear that 
anything was effected at that period. The subject was again 
revived in 1703, when an Act of Parliament was passed, and 
a sum of money granted for that especial purpose ; but on this 
occasion, as well as at subsequent periods, when further grants 
were made for the same object, nothing effectual had been 
accomplished; but in the year 1841, active operations for 
effecting this important undertaking were commenced, and 
there is reason to hope that ere long the shoals and other 
obstacles to the free navigation of the river Shannon will be 

^ To this nobleman is also due the introduction of the linen manufacture 
into Ireland. At his own risk, he imported and sowed a quantity of superior 
flax-seed. The first crop having succeeded, the following year he laid out 
lOOOZ. on tlie undertaking, established a number of looms, and procured 
artisans finm France and Flanders. Ere long the earl was enabled to send a 
ship to Spain, freighted with linen of Irish manufacture; and thus commenced 
the trade in that article 
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removed) and a direct and rapid communication, be opened 
between Limerick and Tarmonbarry ; and thus, by means of 
the Royal Irish Canal, with Dublin* The importance of 
attending to improving the navigation of the Shannon will be 
evident, when we consider that throughout its whole course, 
from its source in Lough Allen to its embouchure in the sea, 
this river is capable of being rendered navigable, that is, for 
the length of 240 miles; thus, with the connecting canals, 
forming an inland water communication, extending from 
Dublin to Limerick, and passing through the very heart of the 
country, and amidst some of its prolific mining districts. 

The total length of canal navigation, in Great Britain, is 
estimated by Mr. G. Bennie as amounting to 2477 miles, of 
which 200 belong to Scotland. The river navigation in 
England and Wales is reckoned as 2036 miles, and in Scot* 
land as about 200 miles; making a total of 4713 miles of 
inland navigation. In Ireland, the canal navigation is com* 
puted at 312 miles, and the river navigation at about 400; 
making a total of 712 miles. 

These works, of which we have been taking a brief review, 
and which have thus opened a water communication with the 
most inland districts of the British Isles, are not more remark- 
able for their extent and grandeur, than for their general 
utility, the beneficial effects resulting from the establishment 
of canal navigation being felt in a greater or less degree by all 
classes of society. By this means the manufacturer is enabled 
to obtain both his materials and his fuel, with less labour and 
less expense ; the farmer gains a ready means of conveyance for 
the produce of his land to the most profitable market ; the 
merchant is enabled to extend his commerce, both by the 
facility thus afforded of collecting for exportation, greater 
quantities and varieties of goods from remote districts, and also 
of supplying such districts with articles of foreign produce; 
the prices of manufactured goods are consequently lowered, 
but more especially those goods for which there is the most 
general demand; and thus the benefit extends to almost eveiy 
indifidual in the kingdom. 
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The fonnation of canals has been carried on upon a vast 
and extensive scale in North America. The mighty rivers 
■which traverse that continent, and the great chain of lakes 
which penetrate far into the interior, afford natural advantages 
for inland navigation possessed by few regions. To render 
these fully available, connecting canals were, however, re- 
quired ; and, in some instances, these have been supplied on a 
scale of grandeur unrivalled in any other part of the globe. 
Thus, in the United States, the numerous rivers which cross 
the eastern territories have been connected by means of canals ; 
and it is expected that a continued line of water communica- 
tion from north to south, will ultimately be formed. A yet 
greater undertaking has been the formation of a water commu- 
nication between the two great river systems, situated on either 
side of the Alleghany mountains. An insurmountable obstacle 
appeared to exist in that continuous mountain range ; but the 
object has been effected by a canal 363 miles long, extending 
from the Hudson river, at Albany, to the Mohawk river, 
which falls into Lake Erie. This magnificent canal was 
completed in 1827. Other canals, of equal magnitude and 
importance, have also been undertaken in the United States, 
and are either completed, or in progress ; among these, we can 
only pause to notice the Chesapeake and Ohio Canaly the 
design of which is to unite the Potomac river, at Washington, 
with the the Ohio at Pittsburgh, and the length of which is 
estimated at 360 miles, a tunnel, four miles in length, being 
required to carry it through the mountains. 

The Canadian canals, although not on so grand a scale 
as those in the United States, are, nevertheless, by no 
means deficient in importance, forming, as they do, links 
connecting the great Canadian lakes, and thus opening a 
navigable water communication from the Gulf of St. Lawrence 
to the very interior of the continent. Of these, the principal 
is the Welland Canaly which overcomes the obstacle presented 
by the Falls of Niagara, and unites the lakes of Ontario and 
Erie. Its length does not exceed forty-three miles; but it 
contains thirty-five locks, and, owing to the nature ot the 
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«ur£u:e, it proved a very arduous undertaking. Its importance, 
however, more than compensates for any difficulties which 
may have been encountered in its construction. For, not only 
is navigation thus carried into the very heart of North 
America, but, by means of the Ohio Canal, which extends 
from Lake Erie to Pittsburg, water communication is opened 
from the Gulf of St. Lawrence to that of Mexico, forming 
with the river St. Lawrence, the lakes Ontario and Erie, and 
the rivers Ohio and Mississippi, a gigantic line of inland 
navigation, upwards of 3000 miles in length. 

The benefits accruing from this inland navigation are 
strikingly shown by the improvements which have taken 
place, and are in progress, on the shores of the great Canadian 
lakes; and ‘‘ it will be easily believed,” observes Mr. Steven- 
son, that, notwithstanding the secluded situation which they 
hold in the centre of North America, far removed from the 
ocean, and from intercourse with the world at large, their 
banks are no longer the undisturbed haunts of the eagle, nor 
their coasts the dwelling of the Indian. Civilization and 
British habits have extended their influence even in that 
remote region ; and their shores can now boast of numerous 
settlements inhabited by a busy population, actively engaged 
in commercial pursuits. The white sails of fleets of vessels, 
and the smoking chimneys of numerous steamers, now thickly 
stud their wide expanse, whilst beacon-lights, illuminating the 
rocky shores with their cheering rays, guide the benighted 
navigator on his course.” 


CHAPTER XII. 

SPRINGS. 

Having formed some acquaintance with the leading features 
of hydrostatics and hydraulics, let us now turn our attention to 
water in its natural distribution on the earth’s surface, whether 
in springs, torrents, waterffills, lakes, inland seas, or in the 
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majestic maia itself. To this portion of our subject, the term 
hydrogrojphy is usually applied. 

We have already made some allusion to the beautiful and 
never-ceasing circulation of the waters of the globe, rising by 
evaporation from the ocean, as well as &om smaller collections 
of water, and descending in the form of dew, rain or snow, to 
moisten and refresh the thirsty soil. The whole of the water 
which is thus borne up into the atmosphere, and descends 
again from thence, does not exhaust itself in watering the ground, 
a considerable portion having another office to perform, namely, 
that of supplying springs, rivers, and lakes, and more especially 
the former: for, although both rivers and lakes unquestionably 
derive some of their liquid contents direct from the atmosphere, 
the main supplies of the greater number of rivers are derived 
from springs. 

Various opinions have been enteiiained, respecting the 
origin of springs, and various hypotheses suggested, to account 
for their occurrence. These need not, however, at present arrest 
our attention: the most generally received opinion, and that 
most consonant with the deductions of science, as well as with 
the phenomena presented in the natural world, being the same 
to which reference has just been made, namely, that their 
supplies are derived from atmospheric water, or, in other terms, 
from rain, snow, and dew. 

The atmospheric water which falls to earth, is absorbed in 
three different ways. One portion, after performing the office 
of giving humidity to the soil, and imparting nourishment to 
plants and animals, re-ascendsby the process of evaporation into 
the atmosphere. A second portion collects in rills on the 
surface of the ground, and drains oft^ according to the slope of 
the land, to the nearest pool, lake, or stream, thus augmenting 
the size of rivers, or of other collections of water. A third 
portion descends into the earth, finding an entrance either 
through porous beds, or through crevices and interstices in the 
rocks, imtil (as we have before seen in speaking of Artesian 
wells,) it meets with retentive strata, which arrest its further 
progress^ and where it accumulates in subterranean reservoirs, 
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of greater or less extent, and at various depths; and from 
whence when it meets a natural outlet, it gushes forth in the 
form of a spring. 

Although the portion of water which re-ascends from the 
ground to the atmosphere by the process of evaporation, is very 
considerable, it will be quite evident that since some of it is dis- 
posed of in other ways, it cannot be equivalent to the quantity 
which falls from thence, and that the latter must be derived from 
some other source ; this source is the vast expanse of water, 
forming the ocean. Such being the case, it might be supposed 
that all islands would be furnished with more abundant supplies 
of rain, and consequently with more copious springs, than inland 
districts. We shall not, however, find that this will be borne 
out by fact ; some islands being almost destitute of springs, 
whilst it is in the very interior of continents that the most 
magnificent rivers on the earth’s surface, such as the MarafJon, 
the Indus, and the Rhine, take their rise. Whence, then, we 
are naturally led to inquire, whence are the springs fed, by 
which these mighty streams are supplied? 

Water, when raised into the atmosphere by evaporation, 
must, ere it will return to the earth in the form of rain or dew, 
become cooled, and thus condensed. When condensation takes 
place in the atmosphere, (and this may occur at greater or less 
elevations,) either from the coolness of the temperature, or from 
the influence of cold currents, drops are formed, and aqueous 
vapour, thus re-assuming the form of water, falls to the earth 
as rain or snow. When this condensation takes place almost 
immediately above the earth’s surfece, and the latter is of 
lower temperature than the mr with which it comes in contact, 
dew is formed ; and this will be copious, in proportion to the 
comparative difference of temperature between the earth and 
the superincu||bent air. The cooler the surface, therefore, the 
more does it attract moisture, that is, cause it to be deposited 
as dew. The foliage of trees, and indeed, all vegetation gene- 
rally, presents a cooler surfitce than bare or rocky soil ; hence 
we find that well wooded countries, and even pasture lands, 
iieceive greater suppliesof moisture than those whi(^are deprived 
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of Togeiation. Land, which is coansideiably dtovated above the 
aea, has a much lower temperature than knd actuated at its 
level : a gradual decrease occurring in proportioai to the elevar- 
tion of the land above the sea ; this being about a degree of 
Fahrenheit for every 656 feet. Elevated knd, if other condi- 
tions be similar, will therefore necessarily be colder than land 
nearer the sea-level, and will accordingly more readily attract 
and condense moisture, than the latter; though, unless the 
elevation be very great, the nature of the sor&ce will perhaps 
exercise greater influence in this respect, than the ekvaUon of 
the knd. Thus, a verdant and richly wooded bland, although 
only slightly elevated above the sea, will attract and condense 
mobture in a much more considerable degree, than one of 
greater elevation, deprived of these advantages. The effects 
produced by vegetation in attracting mobture, are so strikingly 
exemplified in the past and present state ci the bland of 
Ascension, that we cannot do better than pause to consider thb 
practical illustration of our subject. 

The island of Ascension is about eight miles in kngth,^ 
and six in breadth. It possesses elevated plains or table-knds, 
varying in height from 1200 to 2000 feet above the level of the 
aea ; whilst the peak, or highest point, has an elevation of 2870 
fiset ; so that the whole bland would appear of suf&cbnt eleva- 
tion to attract and condense rnoistm^ : an effect which, however^ 
we shall find to Imve been produced in a very small degree, 
whikt the bknd was destitute of vegetation. Thb bland b of 
volcanic formation, and when first discovered in 1501, nothing 
could be more desokte than the scene it is described as having 
pxes^ted. When the first adventurer to thb wild spot,*^ 
ebsenres Captain Brandzuth in speaking of the island of Asoenr 
abn, ^ explored kis way over a wide plain of cinders and ashes^ 
vdieze no drop of water, and scarcely one evidence of vegetative 
ptznciple could be discovered ; — when he laboured up the steep 
aaid rugged mountain, and looked round on Bie withered aipeet 
•f tise scene spread in solitude aroemd him, be might hvfe 
eooaidered the wpoi as condemned to hopeless sterility, and 
xq^sided tlM aea-fowl that seUkd ever the dead^ red hills near 
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thiS coasts as likely to remam the sole aad undisputed inhabi- 
tants of these wiH regions.” Such teas the aspect of the island 
of Ascension^ and what is its present statel The ships that 
hove lately touched at this ialttid/’ observes the same effieer^ 
<< have^ I believe, been readily fumnhed, not only with water, 
but fresh meat and vegetaMes to the extent of their demand/’ 
Let us inquire to what this remarkable change is attributable. 

The most elevated part of the island, has,, we have seen,, a 
height of 2870 feet above the sea-level. This, when the 
idand was first discovered, appears to have been nearly desti- 
tute of vegetation ; but, even in this hare and rugged state, it 
presented a colder surface than the parts of the island nearer 
the level of the ocean. The consequence was, that some degree 
of moisture was deposited,, mid thus, decomposition of the ashes 
and other volcanic products, took place. A soil capable of sus- 
taining vegetation was thus produced ; plants adapted to thrive 
in such a spot, sprang up, and by their superior condensing 
power, increased the deposition of moisture •y and yet fiirther, 
by their decay, improved the quality of the soil, fitting it for 
the reception of other vegetable productions of greater utility. 
The highest portion of the island, therefore, soon became by 
far the richest, mid by degrees a vegetable soil of from two to 
three feet deep has been formed, though accumulating in some of 
the hollows to a much greater depth. The progress of vegeta- 
tion and the deposition of moisture have kept pace together, 
each having mutually promoted the other ; and thus, a gra- 
dually increasing circle of ferrility has been formed, commen- 
cing at the summit of the mountain, and spreading down its 
sides. 

It i8,howeYer, only in the more elevated parts of the island, 
that the soil is of sufficient depth to admit of cultivation ; but 
ihifl tract has been cultivated, and the ^results have been most 
remarkable* Formerly ‘^fbr months together, not a cloud 
would puss over the heavens, nor a drop of water fall, but 
tinee ^ land on tho mnmUms has hem cuUiwOed^ a gradual 
inmEcase of rain hae takmi place, and seldom more than a day 
BOW panm ovei^ without a shower oi a mision the moux^ain.” 

h2 
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The consequence has been, that this island, once almost desti« 
tute of water, now affords abundant supplies. Nor is this 
hftpp 7 result wholly without interest to ourselves; if not 
individually, at least, nationally. The greater number of the 
homeward-bound ships from the Cape of Good Hope and the 
East Indies, pass in sight of this island, and such of the latter 
as do not touch at the Cape, or at St. Helena, usually call here 
for supplies of fresh provisions and w'ater. Its proximity to 
the coast of Africa, also renders it an admirable refitting and 
recruiting place for the shipping off the African station. The 
air of this island is remarkable for its salubrity, and the rapi- 
^ty with which the men belonging to the African squadron 
recover, when brought there, is astonishing. After they are so 
greatly reduced by fever, as to be obliged to be carried on shore 
to the hospital, in a fortnight’s time they are usually so much 
restored to health, that they are able to walk as well and as 
frir as any man on the island. 

Such being the importance of the island of Ascension, it 
becomes a matter of moment that an abundant supply of water 
should be at all times attainable. This was, however, by no 
means the case, until within a recent period. When Captain 
Brandreth visited the island in 1829, the supply of water was 
scanty and precarious. It depended partly on small springs, 
or dropping wells, in the limestone rocks which, in some parts 
of the island, form precipitous cliffs on the shores of the ocean ; 
and partly on the rain that could be collected in casks, and a 
few old iron tanks. The island was also subject to occasional 
droughts, and under such circumstances, not only did the rain 
water altogether fail, but the springs in the limestone rocks 
afforded a most scanty supply. Some water, it is true, was 
obtwed from the mountmnous districts; carts drawn by oxen, 
being employed in the transport of this all-important article ; 
but the distance from thence to George Town was about six 
miles, and it was a work of great labour to supply that place 
with three hundred and sixty gallons daily, a quantity, how- 
ever, wholly inadequate to the demand ; nor does it appear 
that there had been, at anytime, a hundred tons of fresh water 
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in store in the island. Attempts were made to obtain a far- 
ther supply, by boring in the lower districts of the island, but 
these proved quite unsuccessful. 

In the year 1830, the island of Ascension was visited by a 
severe and long-continued drought. There were barely forty 
tons of water in store ; the water-drips in the limestone rocl^ 
trickled down with a slow and mournful pace, and there 
appeared reason to apprehend the total failure of this scanty 
supply, for ‘‘ the skies were glorious, but unproductive in their 
unclouded splendour.” Boring, as we have just seen, had been 
tried wholly without success in the low lands ; it was now 
determined to attempt the same process in the more elevated 
districts. The clouds and mists which hung upon the summit 
of the island, proved that the constant evaporation from the 
sea was arrested by the verdant high land, and there was every 
reason to conclude, that abundant supplies of moisture were 
deposited in that locality. A spot was therefore fixed upon at 
a considerable elevation, on the windward side of the island, 
and the process of boring commenced. The experiment fully 
succeeded. At the depth of twenty-five feet from the surface 
a substratum of retentive clay was arrived at, and a spring 
gushed forth, which yielded, and has continued to yield, from 
four to five tons of water daily. And when Captain Brandreth 
revisited the island in 183d, he found abundance of water in 
store on the island, laige tanks having been constructed at 
George Town, which contained 1000 tons of that liquid. The 
distance of this Artesian well from George Town, and the conse- 
quent difficulty of conveying the water from the mountain to 
that place, proved at first a serious obstacle to its free use ; 
but, under the " firm and benign influence” of Captain Bate, 
(the commandant of the island,) a line of iron pipes nearly six 
miles in length has been laid down, extending from the moun- 
tain district to the town, passing, in part of its course, through 
a tunnel 600 feet in length, and communicating with a tank of 
sufficient capacity to hold 1700 tons of water, situated in 
George Town. 

' In the above interesting account we find a clear eiqplanatioii 
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of ori^ of springs; f)otli vitli regard to the Ibnnattoii of 
internal reservoirs, and as to the manner in which thejr receive 
supplies of water. In the first place, wrdi regard to their for^ 
nxafion : the eSmplest condition under which water is col- 
lected within the earth, is in superficial heds of porous earth 
resting upon a bed of clay. Such was the (»se in this instance. 
The stratum in which this valuable internal reservoir was 
found, consisted of a porous bed of volcanic matter, resting 
upon a retentive bed of clay. The latter stratum prevented 
the water from sinking to a greater depth, and hence an Arte- 
sian well was obtained in the upland districts, although none 
was met with in the lower parts of the island. In the next place, 
we distinctly perceive that the supplies of moisture are derived 
fr6m the atmosphere, and that these supplies are more abun- 
dantly furnished in elevated, as well as in verdant districts, 
which may account for the frequent occurrence of copious 
springs in elevated regions. We here also meet with a complete 
refutation of a very fancifnl hypothesis which has been started, 
and which supposes the waters of Artesian wells to be derived 
from the remaimng liquid in which the aqueous, or water- 
formed strata, were formerly held in solution. Those who 
entertain this extraordinary notion, of course apprehend the 
speedy exhaustion of these reservoirs, where they imagine the 
water to have remained stationary for milli^s of years ; for 
if these collections of water consisted only of ancient depotits, 
and not of continually accumulating supplies, all the artesian 
wells would soon cease to flow. From the instance just 
adduced, however, it appears quite evident, that such internal 
reservoirs are supplied by atmospheric moisture, and, there- 
fore, when we sink an Artesian well, and thus obtain a spring 
uf water, we only raise the perpetually accumulatmg treasure, 
from the interior of the earth to its sxu&oe, to be applied ia 
vmieufi ways for the benefit of man, or of the other creatures 
Ood^s hand, or, periups, to flow into the ocean ; but in 
oitber ease, to he again raised by evaporation into the 
atmosphere, again to be condensed and descend to earth ; nay, 
isr jMght we kuowy once more to aocmnaiiate in the iden- 
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ties! iatemd mervoir, frwx whence it lias been tims drawn 
foith. 

But although districts covered with Terdore, airest and 
oondense the moisture of the atmosphere, water does not pass 
into the interior of the earth through cultivated land. Indeed, 
it appears, that rain penetrates to a comparativdy small depth 
in pasture or garden ground. Thus, according to some obser- 
vations made by Buflfbn, it was found, that in a garden plot, 
the earth of which had remained untouched for years, the rain 
had never penetrated beyond the depth of four feet : whilst, 
according to other observations, the depth to which rain pene- 
trates in ground covered with herbage, is never greater than two 
feet ; and in a mass of bare earth, which had been exposed for 
fifteen years to all atmospheric changes, it was found, that not 
a drop of water had passed through, to the depth of eight feet. 
It must, however, he remembered, that all these experiments 
were made in tuMvated ground ; and soils, to be adapted fox 
horticultural or agricultural purposes, must be formed of a 
proper admixture of cfarths, not being so stiff as to prevent 
the water from entering into the interstices, though at the 
same time sufficiently retentive, to prevent the water from 
percolating through its substance, and thus entirely draining 
off, and leaving it too dry. Light garden mould, when fully- 
saturated with moisture, has been found to contain more than 
half its bulk of water. So laig^e a proportion of this liquid is, 
however, by no means requisite for vegetation, but on the 
contrary, would prove injurious to many kinds of plants ; and 
half of that quantity of water may be abstracted, without 
the ground being rendered unfit for the purposes of v^e- 
tation. 

The surface of the globe is not, however, as we are well 
aware, covered in all parts with a bed of garden mould some 
feet in thickness ; hnt many of the upper strata, like those 
just described in the iriand of Ascension, consist of porous 
beds, through whidi the water fredy percolates. In other 
locsdities, again, we meet with bare rocks, the crevices and 
iateTErtices of which, affbfrd a free passage for the water to enter 
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into th« interior of the earth. Thus, in some of the mbes of 
Cranva]], which are rituated among rocks of this desciiption^ 
tbe water accumulates in the deepest parts, only a few hours 
after it has begun to rain at the earth’s surface. And in some 
other cases, even where such evident crevices do not exist, a 
rapid percolation of water is observable, and especially in 
springs issuing from chalk cliffs, in which the quantity of 
water is not unfrequently found to be greatly augmented, 
immediaiely after a fall of rain. 

Granite and other impermeable rocks, through the sub* 
stance of which water cannot penetrate, but among which it 
can only find entrance into the earth by means of fissures and 
crevices, which are usually of small extent, and rarely com- 
municating with one anotJtier, seldom contain copious springs, 
because the internal reservoirs being thus isolated, receive no 
augmentation by the addition of neighbouring collections of 
water. In such formations, therefore, springs are generally 
numerous, but yield only small supplies of water. 

On the other hand, owing to the basin shape frequently 
assumed by secondary rocks, to which we have already alluded 
in speaking of Artesian wells, in such formations natural 
springs are generally of rare occurrence, but very copious. 
Such is the case with the natural springs issuing from the 
chalk formation in this country. Chalk, as we have already 
seen, lies beneath the London clay in the London Basin, again 
itself resting upon an impermeable stratum, and forming, 
between the plastic clay and the gault, a mighty subteiTanean 
reservoir of water, from which the greater number of Artesian 
wells in the neighbourhood of London are supplied. The 
trough, or hollow, which forms the London Basin, is, if we 
may so express ourselves, lined with a stratum of chalk, which 
appears at the surface near the edges of this basin, of which, 
indeed, it, in some parts, constitutes the rim, rising in the 
form of chalk hills, and extending, on the other hand, from 
Hertfordshire to Wiltshire, and on the other, fix)m the latter 
point to the vicinity of Folkestone on the coast of Kent. These 
chalk hills may be considered as the instruments for arresting 
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and condensing the atmospheric moisture for the supply of 
this vast internal reservoir. And whilst contemplating this 
no less remarkable, than admirable and beautiful provision for 
securing an abundant and never-failing supply of excellent 
water, how will the value of these flinty chalk hills be 
enhanced in our estimation! Before, we may, perhaps, it is 
true, have regarded them as so far useful, inasmuch as they 
afibrd in many parts excellent pasture for sheep ; but when 
compared with the richer lands of our island, they may almost 
have appeared like so many unprofitable tracts, because inca- 
pable of advantageous cultivation. We now, however, may 
pei'ceive the advantages arising from their not being covered 
with a rich soil, for were such the case, the water would not 
penetrate into the interior of the earth, but would be carried 
off in a great degree by evaporation, or drainage. We thus 
find that good arises out of apparent evil, and that what may 
have seemed disadvantageous to the well-being of the inha- 
bitants of this tract of country, is in fact highly conducive to 
their benefit*. 

The natural springs or outbursts firom this grand reservoir 
in the London Basin, are (as we have seen is usual in secondary 
strata,) comparatively few ; there not being above eleven in the 
whole area. According to Dr. Mitchell, there are four constant 
outbursts in Surrey, five in Kent, and two in Hertfordshire. 
Those in Surrey include the powerful spring near the church, 
below Croydon; that at Leatherhead^ close to the Guildford 
road ; the Bourne Mill stream near Farnham; and the source 
of the river Mole^ near Merstham, The 

Sullen Mole that hides his diving flood, 

flows south of Byegate to Dorking, below which town the bed 

* The chalk formation in England, is not exclusively confined to this loca- 
lity; but also extends into Suffolk, Norfolk, Lincolnshire, and Yorkshire. It 
also occurs in the district called the Hampshire Basin, in Dorsetshire, Hamp. 
shire, and Sussex. To the latter division belong the well-known chalk cliffs, 
extending from Brighton to Eastbourne. The chalk cliffs of Dover, and the 
noble rounded hills of the North Downs, are included in the London Basin. 
From the coast of Kent this formation extends into France in the district of 
Boulogne. 
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of tile ri?er is dry in eammer; Imt an abundant anbteitanean 
^stieam flows in ikt interior beds of the chalk, and re^peara 
lower down. Occasional outbursts from this lesenr o ir also 
<Kscnr in Surrey. To Uiis class belongs the Bourne, near Birch- 
wood House, During an outburst which took place in the 
spring of 1837, the water flowed in great volume to Croydon, 
and continued to do so for six weeks. Later in the same year, 
another rivulet burst forth in Gatton Park, between Merstham 
and Ryegate, and a third at Nonsuch Park, near Ewell. An 
outburst also occurred in the spring of 1842. 

The constant outbursts from the chalk in the county of 
Kent, include the spring at Orpington, near St. Mary Cray; 
the Holg Well at Kempering, situated on the south side of the 
North Downs; the spring about a quarter of a mile to the 
west of Sittingboume; the spring at Birchington, in the isle of 
Thanet ; and the Igddon Spouit, in the clifis between Folkestone 
and Dover. 

In Hertfordshire, there are, as we have already mentioned, 
only two natural outbursts from this grand reservoir, and with 
both of these we have already in some degree become acquainted ; 
these being the source of the Chadwell, and the main spring of 
the Amwell, which unite to form the New River. And it thus 
appears that the largest portion of the water brought into 
London by that channel, is derived from the same subterranean 
sheet of water, from whence the greater number of the Artesian 
wells in the metropolis and its vicinity, derive their supplies of 
that liquid. 

The natural outbursts above mentioned in the London Basin, 
although very copious and highly important, are by no means 
equal in volume to some other springs which occur in different 
districts. The most copious spring in Great Britain is 8t, 
Winifreds Well, near Holywell, in Flintshire, which is said 
to throw up about 21 tons of water per minute, or 30,240 tons 
diuly. But although the largest in our island, St. Wini&ed*a 
spring is greatly surpassed by the &r-&med Fountain ofFetrcarch 
ext Faucluse, which is described by Professor Traill as rising 
with great force in a cavern at the foot of a vast semicirculaz 
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range of limestone hills, and forming at once the river Soi^e, 
capable at its veiy source of moving machinery, and almost 
immediately navigable. Even in the driest seasons, when the 
water is least plentiful, this spring throws up 4780 cubic feet 
of water per minute. After the melting of the snows, its pro- 
duce is thrice as great, and the quantity of water issuing from 
this source in the course of the year, is estimated at about 530 
millions of cubic feet. 

To form such a spring, we must suppose, not only that 
subterranean reservoirs of water exist, but that actual subter- 
ranean rivers occur, flowing with considerable rapidity, and 
confined between impermeable beds, but ready to gush forth 
with impetuosity, when an outlet is afforded. That subter- 
ranean streams do exist, we have already met with an instance 
in part of the course of the river Mole ; and to account for the 
occurrence of such a spring as that of Vaucluse, we have only to 
suppose a similar stream passing along internal natural tunnels, 
and not making its appearance at the surface of the earth, until 
it has acquired this great volume of water. 

The phenomena presented by the celebrated fountain of 
Nitnes, in the Department du Gard, afford a yet further con- 
firmation of the occurrence of rapidly flowing subterranean 
streams. This fountain appears to be supplied by more than 
one subterranean river. In seasons of drought, the product of 
this spring is sometimes reduced to 40 gallons per minute ; but 
if a heavy fall of rain take place in one particular direction, to 
the north-west of Nimes, at the distance of about seven miles 
from the town, though none should occur in its immediate 
vicinity, a very rapid increase in the volume of water is almost 
instantly perceptible in the fountain; and to its small jet of 
40 gallons, one of about 570 gallons per minute has been 
known to succeed ; it being thus evident, not only that it is 
supplied by a subterranean stream from that distance, but also 
that the bed of this stream must have a considerable inclination, 
to admit of its flowing with such great rapidity. Nor does this 
appear to be the sole distant source from whence this fountain 
is supplied ; for if, as before, no rain should fell in its imme- 
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dkito Tickiky^attd esly at a mtick greater distaoae from Nime% 
however^ ia a aertfab-west ^I’eetioa, a similair result ia 
dberrad to lake place^ tha volniue of water being ia this caao 
also and eooeideiably increased. It caanot, therefore, 

sfew^ pereokte through a porous stmtuon,, but apparently 
BKBSt enter tine earth by means ef crevices, and rush onwards 
until it finds an oistlet ia the fbuntam of Nlmea.. 

There appears, however, reason to suppose that in some 
instances, these sabtenaaeaa rivers are not furnished by atmo* 
8{^ric water alone, but that they receive at least some of 
their supplies from small rivers, whkh are swallowed up entucs,. 
and which only again issue to the light of day, wlien an outlet 
is afforded them. We do not now i^eak of streams which, 
Hke the Mole, are lost i&t a timie, and whose course may bo 
mbsequently traced, but of such as are wholly lost as external 
streams, so that their identity can no longer be recognised, but 
whieh probably re-appear in considerable volume, either as 
natural springs, ia some rather remote district, or gush forth 
when artificial outlets are afforded by the construction of 
Artesian wells. Proofs of the occurrence of such phenomena 
are not wanting; fish, Imid and £resh>water shells, and frag- 
ments of vegetables, having been ejected with the waters both 
of natural springs and of Artesian wells, though these have had 
BO apparent connection with any external stream or sheet of 
water. Tkns, at Emtkay near Boehart, in Westphalia, the 
water of an Artesian well brought up with it, from the depth 
of 15fi feet, sevend small fish, three or four inches in length, 
though the nearest streams in the country were distant several 
leagues from the Again, near SaibUy in the department 

of La Sarte, M. Arago mentions that there exists, in the middle 
of a heathy tract, a spring which issues from a basin, or rather 
gul^ about twenty-fire feet in diameter, the depth of which 
does imt i^pear to have been ascertained. This gulf, which 
is known by the name of tha Bottomkai FmaSain^ occasionally 
overflows its ordinary bounds, at whkh time a vast number 
of fish are east out. A simelar phenomenan is presented near 
Vesoiil, in the department of Haute Saone, in a spring called 
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tke IMk Weil. After coxitmiuHis be^vy raim in mmiAer and 
autmu^ the water escapes with impetiioaity ham the mouth 
of the Freeh Wdl, forming an actual toirait^ which spreads 
itself orer all the surrounding country. This orerflow usually 
only lasts for a few hours^ and after such an outburst tench are^ 
not unlrequently found scattered over the surface of the 
meadows^ which have been inundated by the waters of tho 
Fresh WelL 

The same phenome&on has been exhibited in rather a sin- 
gular manner in the Fcmitaiin of the Place de la Gathedrale at 
Tours, This fountain formed a jet d’eau of considerable 
height^ which sent forth a stream of reacy clear water. In Janu- 
ary, 1831, howev^, the vertical pipe from whidithis jet d’eau 
issued, was shortened about 12 fret, when the frUowiag singu- 
lar phenomenon occurred : — The produce of the fountain was 
immediately considerably increased ; aa&d the water, previously 
beautifully clear, became turbid, whilst land and fresh-water 
shells, as well as fragmmts of v^tables, were thrown up from 
the depth of 364 fret. Among the latter, were some branches 
of a thorn hush, several inches long, which presented evident 
indications of having hem immersed in water for a consider- 
able length of time, whilst some other stems and roots, chiefly 
of marsh plants, as sdso seeds of various kinds, were in a state 
of preservation, whk^ clearly indicated that they could not 
have been for more than three or four mouths in the water^ 
‘Whence could they come? All these fragments resembled 
such as are frequently met with on the banks of small rivers 
and brooks: ^Hhere appears, therefore,” as M. Arago has well 
observed, " abundant reason to conclude, that the subterranean 
idiieet of water whkh supplies this fountedn at Tours, derives 
at least some portion of its wat^s from an engulfed stream, 
and that they are not wholly furnished by percolation through 
porous strata;” for, had the latter been the case, it is evident 
that the shells and fragments of plants, could never have found 
a passage through the mass of rock, however pm'ous might be 
its nature. It yet rernams fiirth^ to inquire, why this phe- 
nomenon should occur, when the pipe forming the outlet of 
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this jet d’eau was reduced in height. This may be satisfacto- 
rily accounted for on hydrostatic principles. The removal of 
twelve feet from the vertical pipe, so far lowered the orifice 
from whence the water of this fountain issued, that, owing to 
the consequent greater downward pressure exercised by the 
water in the supplying internal stream, or reservoir, the 
velocity with which the liquid poured, or spouted forth, would 
be augmented, and being also agitated, might become turbid, 
and bring up these extraneous substances, which evidently had 
been borne by the water from the banks of some river or 
brook, flowing on the earth’s surface. 

The distance to which subterranean streams occasionally 
extend, is proved by the occurrence of springs of fresh water 
rising from the bed of the ocean, in situations remote from dry 
land, and to which localities they must evidently have been con- 
veyed by channels, situated beneath the bed of the sea. Thus, 
in the Bay of Bengal, about 125 miles from Chittagong, and 
nearly 100 miles from the Sunderbunds, which constituted the 
nearest land, Mr. Buchanan observed an abundant spring of 
fresh water which rose to the surface, and which must evidently 
have passed along a subterranean channel to that spot. In the 
seas near Tahiti, agsdn, Mr. Bennett noticed several springs of 
fresh water rising from the midst of the ocean, at greater or less 
distances from the shore. “Their situation,” he observes, 
was marked by small eddies or whirls on the smooth surface 
of the sea, and upon some of them the natives place bamboos 
with apertures in their sides, through which the water flows as 
from a pump. When fishing in their canoes, it is not unusual 
for the natives to dive beneath the surface of the sea, and 
quench their thirst at the fresh- water springs.” These sub- 
marine springs are prettily alluded toby Southey in the follow- 
ing lines : — 

The golden fountains had not ceased to flow ; 

And where they mingled with the briny sea, 

There was a sight of wonder and delight 
To see the fish, like birds in air, 

Above Ladurlad flying. 
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Round those strange waters they repair^ 

Their scarlet fins outspread and plying. 

They float with gentle hovering there : 

And now upon those little wings 
As if to dare forbidden things, 

With wilful purpose bent. 

Swift as an arrow from a bow, 

They dash across, and to and fro 
In rapid glance hke lightning go, 

Through that unwonted element. 

The springs which have hitherto engaged onr attention, 
although subject to occasional fluctuations arising from wet 
and dry seasons, are perennial^ that is, they never wholly 
cease to flow; a circumstance which may be considered as 
attributable to the great extent of surface, from which they 
derive their supplies of atmospheric moisture, and the conse- 
quent largeness of the subterranean reservoirs from whence 
they are furnished, which are, therefore, not subject to fail, 
even in the driest seasons. This is not, however, the case with 
all springs; many of smaller size existing nearer the surface, 
which are mainly dependent for their supplies on the atmo- 
spheric moisture which falls in their own immediate vicinity, 
and which, consequently, are neither so copious nor so perma- 
ment as those before described. Springs of this class are usudly 
formed in situations where retentive strata occur near the 
surface, and when the depressions are filled with gravel, sand, 
&c. Of this we meet with instances in some paints of the 
London Basin. 

We have already seen that, in the London Basin, the 
atmospheric moisture which is collected by the chalk hills^ 
penetrates into the earth at the rim of the basin, and passes 
under the clay, where a grand internal reservoir is formed* 
The only portion of atmospheric moisture which collects dhwe 
the clay, is, therefore, that which falls upon the surface which 
this area actually presents to the vicissitudes of the seasons. 
Springs which take their rise in such situations will, accord- 
ingly, be liable to fail, should drought occur in that particular 
locality; and the more so, the less the depth and extent of 
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such a formation. It is, however, from springs of this descrip- 
tion that most of the ordinary wells in the London Basin 
derive their supplies. They are usually termed land-springs^ 
and the internal reservoirs by which they are fed, are, in many 
parts, not more than twelve feet deep ; but in other localities 
they have been found to have a depth of sixty feet below the 
surface. And hence, it not unfrequently happens, that in dry 
summers, one well may fail, whilst another situated at no great 
distance, but which is supplied from a deeper source, continues, 
though in diminished volume, to yield a supply of water. 

When a retentive soil, like the London clay, forms the 
actual surface, the water, instead of sinking into the earth, 
usually rests on the surface, rendering it damp ; and if there be 
not a considerable slope in the ground, the water will remain 
stagnant at the surface, or accumulate in the small hollows, 
forming numerous lakes and ponds. The surface soil of Clap- 
ham Common consists of London clay, and hence the numerous 
ponds existing in that area, and the difficulty of draining it 
effectively. The upper stratum at Hampstead Heath, on the 
other hand, consists of a formation called Bagshot sand, which 
freely permits the water to percolate through its interstices, 
and hence the different character of that locality. 

Gravelly beds, however, occur in many parts of the London 
olay formation in Surrey, and the facility with which water 
percolates through such strata, is clearly shown by the effect 
produced by the rise and fall of the tides in the River Thames, 
on the springs near its banks, between Richmond and London. 
The river, in this part of its course, passes through a gravelly 
bed, which rests upon the London clay ; and the porous upper 
stratum, as the tide rises and falls, is alternately saturated with 
water from the Thames, or has the water drained off; thus 
causing the springs in that particular locality, regularly to ebb 
and flow with the rise and fall of the tide. This saturation 
of the gravelly beds, extends for several hundred feet from the 
banks of the river. 


Other springs are met with which also ebb and flow, but 
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the rise and &ll oF which are not dependent on the tides. 
These are divided into two classes : rtciprocatinp^ or such as 
have a constant, but irregular flow; and intermitting^ or springs 
in which the flow of water is entirely suspended for a time, but 
returns at intervals, with greater or less regularity, 

Redprocating springs appear to act somewhat in the same 
manner as the water ram ; that is, to be caused by the conflne* 
ment and compression of air in tortuous cavities, occuiTing in 
the subterranean channel of the spring; the air thus alter- 
nately dilating and becoming compressed, by the accumulating 
water, and acquiring, by this compression, sufficient elasticity 
to drive before it the resisting column of water. An example 
of such a spring occurs at Gigglesuoich^ near Settle, in York- 
shire. In this well, the water will sometimes rise and fall a 
foot in ten or fifteen minutes ; at other times, it will fell as 
much in four minutes, but usually requires double that time 
to regain its former height.' The water then issues with great 
force, bringing with it particles of sand. Another reciprocat- 
ing well occurs near Torbay, called the Lag-mil^ which is 
described as reciprocating sixteen times in an hour. 

True intermitting springs are supposed to act on the same 
principle as the siphon. This will be better understood by 
referring to the accompanying cut, which is designed to repre- 
sent a section of a hill containing such a reservoir. The only 
outlet for the water from this internal reservoir, is supposed to 
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be by a narrow channel, b, rising in a bending direction, so as to 
resemble a siphon in form. If the xeserroir be not filled to the 
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height of the upper line, which, it will be observed, is on a 
level with the top of the siphon-like channel, the water will not 
begin to flow, but will only fill the inner branch of that chan- 
nel, to whatever height the liquid may rise. When, however, 
it reaches that level, it commences to flow, on the hydrostatic 
principle of water preserving a level surface. And when this 
channel is once filled, the pressure of the atmosphere being 
thus removed from the water in this siphon-like outlet, but 
still continuing to act on the water in the reservoir, the water 
will be forced up this channel, (in the same manner that we have 
seen the flow of water maintained in a siphon,) and will continue 
to run, until the water is emptied, to whatever depth in the 
reservoir the orifice which communicates with this channel, 
may be situated. It then intermits, or ceases to flow, until the 
reservoir is again filled to the level of the top of the siphon-like 
channel, when it re-commences its operations. One of the 
most remarkable intermitting springs, is that called the Bolder- 
horn^ near Pader-born, in Westphalia. After flowing for 
twenty-four hours, it entirely ceases for the space of six hours ; 
it then returns with a loud noise, driving the air before it, and 
ill a stream of sufficient power to turn three mills very near 
its source. The intermitting spring of Cohnars, in the depart- 
ment of the Haut Rhin, ceases to flow every seven minutes. 
The effect produced on the latter spring, by the great Lisbon 
earthquake in the year 1755, is deserving of notice. Notwith- 
standing its distance from the grand centre of this convulsion, 
it was so far affected, that it flowed perpetually instead of 
intermittingly, and continued to do so for eight years, after 
which it returned to its former state, and resumed its intermit- 
tent character. 

These internal reservoirs of water, whether presented in the 
form of sheets of that liquid, situated at no great depth, and 
occupying the lower part of a porous stratum, resting on one 
of retentive character; whether in that of a body of water, of 
greater or less extent, accumulated in cavities in the interior of 
the earth; or whether in that of subterranean rivers; all equally 
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afford us an interesting view of the benefit accruing from the 
changes which the earth’s crust has undergone. The consider- 
ation of these changes, doubtless, belongs more especially to 
geology ; but some particulars are so closely connected with our 
present subject, that it will be w’dl not wholly to omit them. 
We do not now refer to the agency of water in accomplishing 
these geological changes, but solely to the advantages which 
heme resulted from the various changes and revolutions in the 
earth’s surface, in respect to the especial point of their having 
been instrumental in providing means and receptacles, both for 
tlie accumulation of water in internal reservoirs, and also for 
its issue from thence in the form of natural springs or artificial 
fountains. For it appears, that by the compound results of 
the original disposition of the strata, and their subsequent di&* 
turbances, that the entire crust of the earth has become one 
grand and connected apparatus of hydraulic machinery, co- 
operating incessantly with the sea and with the atmosphere, to 
dispense unfailing supplies of fresh water, in every part of the 
world that is adapted to man’s habitation.” 

Had a porous stratum of uniform character, such as loose 
gravel, sand, or volcanic scoriae, covered the upper surface of 
the earth, water would have freely passed through such a bed, 
and sunk to the lowest possible depth it could attain, and thus, 
in fact, would in great measure have disappeared from the 
face of the earth. On the other hand, had one impermeable 
species of rock, or stratum of clay, covered the surface of the 
globe, the atmospheric water, on descending to the ground, 
would, instead of entering into the interior, and forming per- 
manent reservoirs, have rushed down the hills in torrents, only 
to occupy every hollow or depression which might have oc*p 
curred, forming lakes or ponds, or else marshy swamps, accord- 
ing to local circumstances. By the changes which have, how- 
ever, taken place in the earth’s crust, the porous and retentive 
strata have been so adjusted and superimposed, that, although 
in some instances, impermeable strata do exist at the surface, 
these are only limited to small areas, and do not affect the grand 
whole; and whilst the permeable strata, which, like the chalk 
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hills of the London Basin, permit the free ingress of water, 
this is prevented from sinking below an advantageous depth, 
by the clay stratum on which it rests, and secured from making 
its escape, as well as from evaporation, by the superincumbent 
bed of clay; for, in fact, were this sheet of water not confined 
by the impermeable London clay, instead of a subterranean 
reservoir, ready to be applied to our benefit, a vast lake would 
occupy the whole of the lower part of the London Basin, ijn 
place of the busy metropolis and its extensive suburbs. A 
further instance of the advantages arising from the disturbances 
which have occurred in the earth’s crust, is afforded by the 
basin-shaped arrangement of the large valley called the London 
Basin ; the elevation of the chalk, and its thus presenting a 
surface to the atmosphere, appearing to be due to some con- 
vulsion or revolution of the earth, not perhaps sudden and 
violent, but apparently attributable to a slow and gradual pro- 
cess, which has caused it to assume its present form, which is 
so peculiarly adapted to favour the accumulation of water in 
this internal reservoir, and its preservation in a pure state. 

The springs, or issues of water from these internal reser- 
voirs, are also much facilitated by another geological phenomenon, 
likewise originating in the disturbances and dblocations which 
have taken place in the earth’s crust, namely, the faults, or 
fractures, which intersect the strata. These fissures, as we have 
before seen, if they become filled with clay, arrest the progress of 
the water in that particular direction, and cause it (according to 
the elevation of the source from whence it originally proceeds,} 
either to rise to the surface, or to take a lower course, forming 
perhaps a subterranean reservoir. These fractures or faults, are 
thus of vast importance in the economy of nature ; for, whilst 
they prevent the water from flowing in excessive quantities, 
where its presence would perhaps only be detrimental they are 
©f the greatest service in arresting it in its course ; thus being 
instrumental in treasuring up this valuable liquid for puposeft 
of utility, by causing a series of springs at the surfrce, ready 
©ither to form rivulets^ and brooks, and rivers, or, if in smaller 
quantities, to supply the wants of man^. A series of spring© 
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not unfrequently occurs along the line of a fault, giving notice 
of the fracture that has taken place, and of its particular 
directioiu 

There are two systems of springs which have their origin 
in faults. The one system is supplied by the water descending 
from more elevated strata adjac^ent to a fault, by which the 
liquid is simply arrested, and diverted to the surface in the 
fjgm of springs, of greater or less volume according to circum- 
stances. The other system is maintained by water ascending 
from below, and derived from porous strata, which, at their 
contact with the fault, are often situated at a great depth ; the 
water in such springs being conducted to this depth from a 
higher level, either by a small subterranean stream, or by per- 
colation through the porous bed itself^ the liquid continuing to 
flow downw’ards until its progress is arrested by the imperme- 
able wall formed by the fault. And, did not this interruption 
occur, the water might continue to flow in a downward direc- 
tion, until wholly engulfed in the interior of the globe; but 
being thus arrested, it rises on hydrostatic principles nearly to 
the same level as that from whence it descended. 

Thus,” observes Dr. Buckland, ‘‘ in the whole machinery 
of springs and rivers, and the apparatus that is kept in action 
for their duration, through the instrumentality of a system of 
curiously constructed hills and valleys, receiving their supplies 
occaMonallg from the rains of heaven, and treasuring it up in 
everlasting storehouses, to be dispensed perpetmUghy thousands 
of never-failing fountains ; we see a provision not less striking 
than it is important. So, in the adjustment of the relative 
quantities of sea and land, in such due proportions as to supply 
the earth by constant evaporation, without diminishing the 
waters of the ocean ; and in the appointment of the atmosphere 
to be the vehicle of this wonderful and unceasing circulation ; 
in thus separating these waters from their native salt; (which, 
though of the highest utility to preserve the purity of the sea, 
renders them unfit for the support of terrestrial a-nimals and 
v^etables ;) and transmitting them in genial riiowers to scatter 
fertility over the earth, and the never-failing reservoirs 
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of those springs and rivers by which they are again returned 
to mix with their parent ocean. In all these circumstances, 
we find such evidence of nicely-balanced adaptation of means 
to ends, of wise foresight, benevolent intention, and infinite 
power, that he must be blind indeed, who refuses to recognise 
in them, proofs of the most exalted attributes of the Creator,’’ 


CHAPTER XIH, 

MINERAL SPRINGS. 

We have seen that water in the purest form of any that 
Nature presents, namely, atmospheric water, not unfrequently 
contains some admixture both of organic and inorganic matter: 
we have also seen that all springs, even those which appear the 
purest, are impregnated with some foreign ingredients, which, 
being in a state of solution, are so intimately blended with the 
water, that they do not affect its clearness, while they render 
it, when they are not in too great proportion, more agreeable 
to the taste, and more nutritious than rain water. When such 
foreign ingredients are met with in great abundance, they form 
mineral springs. 

The ingredients held in solution in mineral springs, include 
a great variety of substances, but those of most frequent 
occurrence, are carbonate of lime, carbonic and sulphuric 
acids, iron, silica, magnesia, alumina, and common salt ; besides 
petroleum and its various modifications, such as mineral pitch, 
naphtha, and asphaltum. Among the less predominant sub- 
stances, are muriatic and boracic acids, manganese, zinc, stron- 
tia, barytes, potass, lithia, ammonia, iodine, and bromine. 
It is worthy of remark, that the substances with which 
mineral springs ai*e impregnated, correspond remarkably with 
those evolved in a gaseous state by volcanos. Many of these 
springs also are thermal^ or hot. They make their appearance 
at the surfiice, through various kinds of rock ; but are of most 
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frequent occurrence in volcanic regions. When met with in 
situations remote from the neighbourhood of active volcanos, 
their site usually coincides with the position of some great 
derangement in the strata; a fault, for example, or great 
fissure, which may be considered as indicating that a channel 
of communication has been opened with the interior of the 
earth at a former period, by some convulsion which has 
occurred in that particular locality, and which has originated 
in igneous action. 

Mineral waters, commonly so called, and which owe their 
importance to their utility to man, either in their application 
to medicinal or to economical purposes, may be divided into 
four classes: 1, acidulous^ or such as contain carbonic acid; 
2, ckalyhecAe^ or springs holding in solution either the car- 
bonate or the sulphate of iron ; 3, sulphwre&usy or springs 
containing either sulphuretted hydrogen, or sulphuret of 
lime, &c., and which are distinguished by their repulsive 
smell; and 4, saline^ or springs holding in solution a con- 
siderable proportion of neutral salts, which render them hard, 
and impart to them a disagreeable taste, also unfitting them 
either for a beverage, or for culinary purposes. 

Acidulous waters present a sparkling appearance, which 
they owe to the presence of carbonic acid gas. This gas is 
very plentifully disengaged from springs in almost all 
countries, but more particularly in the vicinity of active or 
extinct volcanos. It has the property of decomposing many 
of the hardest rocks, with which it may come in contact, 
especially such as contain felspar, (to which class granite 
belongs,) a circumstance which may be attributed to the 
alkali which always constitutes part of the felspar, and with 
which the carbonic acid enters into combination, and which 
being thus removed, the remaining portion of the rock 
crumbles to pieces* Carbonic acid gas also contributes to the 
solution of calcareous matter, and renders the oxide of iron 
soluble in water. Acidulous waters, therefore, in addition to 
carbonic acid gas, almost always contain some earthy or saline 
ingredients* Of this we meet with instances in the waters of 
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Tonhridgey and Selizery whicli, tlia latter especially, 

owe their refreshing and sparkling qualities to the carbonic acid 
gas they contain* 

Since carbonic acid gas is invisible, it may pass unobserved, 
unless it should accumulate, when its efiects are shown by its 
power in extinguishing a candle, or even causing death. This 
noxious gas has been found to issue with considerable force 
from one particular stratum of the chalk, in the London Basin* 
On sinking wells into that stratum, it was met with at various 
depths, apparently dependent on the undulations in the stratum* 
Thus, it was evolved from a well near Epsom race-course, at 
the depth of 200 feet ; and from one at Norbury Park, at the 
depth of 400 feet. At Bexley Heath, this gas rushed out, and 
extinguished the candles of the workmen ; whilst fetal effects 
have resulted from it in other places. 

But although carl>onic acid gas, in its free state, is thus 
deleterious, it is by no means injurious when present in water, 
and in feet adds greatly to the refreshing qualities of that 
liquid. Water, by being boiled, is deprived of tliis gas; and 
hence the dulness and insipidity of this liquid, when it has 
undergone that process, in comparison with water fresh from 
the spring. Water, saturated with carbonic acid gas, such as 
Seltzer water, sparkles when poured from one vessel into 
another. When it is in great abundance in a spring, the latter 
is observed to bubble up, as though it were boiling. A remark- 
able spring of this description is mentioned by Mr. Hamilton 
as occurring in Asia Minor, near Kiz-hisar^ the ancient Tyana, 
and around which a classical interest is thrown, on account of 
its being mentioned by Greek and Roman authors, who speak 
of it as the Fountain of Ashamams, ‘‘ Ammianus,” observea 
Mr, Hamilton, ‘‘says there is a fountain which rises in a 
xnardiy plain near Tyana, which swells witli the quantity of 
water, and agmn disappearing, never overflows its baoks*^ 
Phlloatratus says, that near Tyana is the fountain of Asbar- 
mens, sacred to Jupiter, which rises very cold, but it bubbles 
up exactly like a boiling caldron.” ^^The {^parent discre- 
p^ey of these two accoisnts,” continues Mr. Hanulton, 
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vanishes on seeing the real phenomenon, which perfectly 
bears out both descriptions.” This fountain, when visited by 
Mr. Hamilton a few years since, consisted of a small lake or 
pool, about thirty or forty feet in diameter, of turbid brackish 
water, which appeared to be boiling up all over, but par- 
ticularly in the centre, where a violent jet of water rose to a 
height of nearly a foot, and about a foot and a half in diameter, 
with considerable noise. Notwithstanding this quantity of 
water, which is constantly boiling up, the lake never rises or 
overflows its banks, nor does any stream of water escape from, 
it, although the ground around is perfectly flat.” The above 
account is not less interesting from the example it affords of 
the advantages arising from modern scientiflc researches, in 
elucidating obscure, and apparently almost incredible passages, 
occurring in ancient authors, than from the proof we here- 
find, of the permanency of this remarkable spring. Mar- 
cellinus Ammianus flourished towards the close of the fourth 
century of the Christian era, and Philostratus about a hundred 
and fifty years earlier ; we may therefore reasonably conclude 
that the fountain of Asbamaeus has for 1600 years, and pro- 
bably for a much longer period, continued to exhibit 
phenomena precisely similar to those which have been 
recently observed. 

The carbonic acid gas contained in springs, usually 
becomes dissipated, when the water is exposed to the action of 
the atmosphere. A small river in South America, however, 
a tributary of the Magdalena, and which rises in a volcanic 
mountain, has its waters so greatly impregnated with this gas„ 
that the Spaniards call it Vinagr^^ This stream in its descent 
to Popayan forms a highly picturesque waterfedl, called the* 
cascade of Vinagre. 

Chalybeate spring, properly so called, are such as contain 
oxide of iron; the term is, however, occasionally applied to* 
springs containing other substances. The iron in chalybeate- 
springs is usually combined with various salts ; and some of 
these springs contain a considerable portion of carbonic acid, 
thus combining the properties of this and the former class of 
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springs: these are denominated <mdulated chalyhecUe springs. 
Of the latter description is the well-known spring at Tonbridge 
Wells; whilst the small chalybeate spring situated close to 
Brighton^ belongs to the former class. In some chalybeate 
springs, of which that at Tonbridge Wells forms an instance, 
a red ferruginous matter is observed to be deposited by the 
water, so that the course of the stream may be traced by the 
discoloration of the rocks and herbage among which it passes, 
whilst it binds the sand and gravel into solid masses. On close 
examination, it will be found that this colouring matter floats 
on the surface of the water when left to stand, and is deposited 
on the surface of the ground, when the liquid sinks into the 
earth. Professor Ehrenberg, to whom we are indebted for so 
much curious and interesting, as well as important information, 
respecting both recent and fossil infusoria, has discovered in 
some chalybeate waters which he examined, that this red 
ferruginous matter is composed of the outer sheaths or cover- 
ings of multitudes of a species of infusoria, called the 
gaillonella, wliich appears to possess the singular property of 
secreting oxide of iron as well as silica; and the Professor 
supposes that the formation of bog iron-ore may be attributable 
to the existence, and subsequent decay, of myriads of these 
animalcules*. Such animalcules are adapted to thrive only 
in chalybeate waters, in which iron is present, a substance 
unsuited to the nourishment of the great majority of animals : 
‘*As if,” observes Professor Daubeny, as if it were intended 
that there should be no class of inorganic productions, which 
did not minister to the wants, and favour the production of a 
corresponding order of organized creaturesf.” And, when we 

♦ Probably some of our readers may be familiar with the fact, that the 
chalybeate waters of Tonbridge Wells, if left to stand in a glass, or cup, for 
twenty-four hours, will exhibit on their surface a scum, presenting a brilliant 
and almost golden appearance,but which, if left longer, assumes a ferruginous 
tint. It seems more than probable, that this substance may consist of similar 
remains with those described by Professor Ehrenberg; but we are not aware 
that researches hare been made on the subject. 

+ The recent researches of an eminent continental chemist, appear to lead 
te tho conclusion that iron is more essential to the existence of the higher 
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consider that iron is present in the formations of every geo- 
logical era, acting as a colouring and cementing principle ; we 
cannot but be led to inquire whether in fact such effects may 
not have been produced by these infusoria, which thus would 
appear to have been largely instrumental in diffusing over 
the surface of the globe this most useful of all metallic 
substances. 

Sulphureous springs are so named, because they contain 
sulphur, which usually occurs in the form of sulphuretted 
hydrogen, or of sulphate of lime. Sulphuric acid in a free 
state, (that is, not in combination with any other substance,) 
is only met with in springs connected with volcanos, from 
which, according to Dr. Daubeny, such springs evidently 
derive their peculiar properties. The sulphureous springs of 
this country are potent, and owe their qualities to sulphuretted 
hydrogen. Such are the springs of Harrowgate^ St, Bernardos 
Well^ near Edinburgh, &c. The same permanency which we 
have noticed as occurring in the fountain of Asbameus, seems 
in a similar degree to be the attribute of the sulphureous waters 
of Asia Minor ; for the hot springs of Bithgniay which modem 
travellers describe as impregnated with sulphuretted hydrogen, 
appear from the accounts of Greek writers to have been simi- 
larly constituted nearly 2000 years ago. Sulphureous springs 
containing sulphate of lime, or gypsum, are of compaiatively 
rare occurrence. The springs at BadeUy near Vienna, may bo 
mentioned as examples of this class of springs. The largest of 
these, the Haupt-quelle or High-welly supplies 40,950 cubic 
feet of water daily, which deposits a fine powder, consisting 
chiefly of sulphate of lime. 

Saline springs may be divided into two classes; brine 
springs and medicinal salt springs. 

Brine springs contain in greater or less proportion, chloride 

animals than had previously been supposed. “ From the never-failing pre- 
sence of iron in red blood," observes Professor Liebig, ** we must conclude 
that it is unquestionably necessary to animal life." — Liebig’s Animal 
Chemistry. 
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of sodium, or oommon salt, an article of primary importance 
to manki^. This is usually combined with some other 
ingredients, such as muriate of magnesia, muriate of lime, and 
sulphate of soda ; and in some salt springs iodine and bromine 
occur ; these ingredients being the same as those that exist in 
the waters of the ocean, imparting to them their bitterish 
salt taste, and briny qualities. So great is the quantity of 
chloride of sodium in some of these brine springs, that they 
yield one-fourth of their weight in salt ; they are, however, 
rarely met with so largely saturated. 

Brine springs appear to derive their saline properties from 
passing through subterranean masses of salt, and are of most 
frequent occurrence in the marls belonging to the formation 
distinguished by geologists, as the new red sandstone group. 
The subterranean depositories of salt in this country, do not 
appear to extend in a connected stratum, but usually occur in 
detached patches. Droitmchy in Worcestershire, has long 
been celebrated for the production of salt from its brine springs. 
These springs are known to have flowed for more than 2000 
years ; and the quantity of salt they must have carried into 
the Severn, cannot but be enormous. The richest of these 
springs was not, however, discovered before the year 1725. 
In the latter spring, a hard bed of gypsum occurs, at the depth 
of from thirty to forty feet below the surface, and through 
this a bore has been made, thus affording an outlet for this 
subterranean river of brine, which flows over a bed of rock- 
salt, the depth of the water being about twenty-two inches. The 
brine rises rapidly through the aperture, and is pumped into 
a capacious reservoir, from whence it is conveyed into boilers 
for evaporation. The brine of this spring, is considered supe- 
rior in purity to that of any other in this country, and pro- 
duces annually about 700,000 bushels of salt. 

A remarkable brine spring is described by Professor Forbes 
as occurring in Bavaria, about a mile from the town of Kiss- 
ingm. This spring, which rises from a bore made in the year 
1822, the depth of which is about 200 feet from the surface> 
combines, with the characteristics of a brine spring, those also 
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of acidulous and of intermitting springs. It discharges car- 
bonic acid gas in volumes almost unparalleled by any other 
spring, keeping the water (in a shaft, the diameter of which 
is eight feet,) in a state resembling turbulent ebullition. 
About five or six times in the course of the twenty-four hours, 
however, the discharge of gas suddenly stops ; and in a few 
seconds the surface of the well is calm. The flow of the water, 
which amounts to forty cubic feet per minute, also stops, nay, 
the water actually recedes in the shaft, and altogether subsides 
for about fifteen or twenty minutes. It then rises again ; the 
water appears first, and quite suddenly, but the gas gradually 
increases in quantity, until, after the lapse of three-quai*ters of 
an hour, the shaft is as full, and in the same state of apparent 
ebullition, as at first. The state of greatest discharge conti- 
nues with little variation, for three or four hours, though by 
no means with absolute regularity. This very remarkable 
spring has experienced little or no alteration in the pheno- 
mena it exhibits, since it was first brought to light in 1822 . 
Within a short distance, another bore has been made, and 
another spring obtained, of nearly similar character. Profes- 
sor Forbes considers that, with the sole exception of the 
Geysers of Iceland, the salt spring at Kissingen presents the 
most singular phenomenon of its kind in Europe. 

Medicinal salt springs usually contain a considerable por- 
tion of neutral salts, such as sulphate of soda, carbonate of 
soda, sulphate of magnesia, &c., which impart a disagreeable 
taste to the waters. They appear to have a similar origin 
with brine springs, but to acquire their additional properties 
fmm the various strata through which they pass, before arriv- 
ing at the surface of the earth. Of this the Cheltenham waters 
may afford us an example. 

The town of Cheltenham is situated on the species of 
rock called lias, which chiefly consists of a bluish clayey 
limestone. Beneath this, lies the new red sandstone, among 
the marls of which, as we have just seen, is situated the 
grand depository of rock salt. The Cheltenham mineral 
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waters, as the accompanying diagram will show, hare their 
origin in the latter formation, deriving from thence their 



Cheltentiam Spring 


saline ingredients, which, however, undergo various modi- 
fications in their passage through the lias. The principal 
constituents of the Cheltenham mineral waters are, chloride 
of sodium (common salt,) and the sulphates of soda, and of 
magnesia, all of which, together with some other ingredients 
in smaller quantities, they derive from the red marl. The lias, 
through which these springs subsequently pass, is, however, 
full of iron pyrites, or sulphate of iron, and the consequence is, 
that, in their passage through that stratum, certain chemical 
changes are effected in the ingredients contained in the waters, 
which thus acquire their celebrated medicinal qualities. It 
therefore appears that these springs at their greatest depths, are 
mere brine springs, and if an Artesian well were to be formed, 
penetrating to the red marl, and having its bore lined with 
a pipe, so that the water should not come in contact with 
the lias, the water obtained, in all probability, would not 
possess more medicinal properties than the brine springs of 
Droitwich. 

Some saline springs, apparently containing little, besides a 
Weak solution of common salt, have long been celebrated for 
their medicinal properties. Of this description is the Moira 
hrine spring ^ near Ashby de la Zouch, in Leicestershire, which, 
for a considerable length of time, has been much used, both in 
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baths, and also taken ititemally, with considerable success. 

Chemists,” observes Dr. Daubeny, ‘‘may often, in the pride 
of half knowledge, have smUed at the faith reposed in the 
water of AMy de la Zouch^ and of Kreutynach^ in the Pala- 
tinate, which until lately appeared to be little more than a 
mere saturated solution of common salt. But the advance of 
science has shown that these two springs are precisely the 
ones most fully impregnated of any perhaps known with salts 
of bromine, and therefore most highly charged with tlie pro- 
perties of that active principle.” 

In the same manner, certain salt springs in Piedmont had 
acquired, from time immemorial, a reputation for the cure of 
goitre, which the nature of their known mineral contents^ 
could not explain. Recent analysis has, however, shown, that 
these springs contain a small quantity of iodine, the very prin- 
ciple which has of late years been applied, with great success, 
as a remedy for that singular disease. 

Dr. Daubeny also mentions that M. Boussingault has 
observed the remarkable fact, that the inhabitants of such pro- 
vinces as are provided with salt containing* iodine, are not 
affected with goitre, whilst in other localities, where the salt 
is destitute of that principle, the disease is endemic. It is not, 
however, to be supposed, that the use of salt destitute of iodine 
is sufficient in itself to produce goitre, but rather that its pre- 
sence may prevent the liability to this disease, under circum- 
stances which would otherwise have led to its development ; 
for, in fact, iodine is absent from some of the strongest brine 
springs of this country, especially those of Droitwich.* 

* The prevalence of this disease in particular districts has been generally 
attributed to the nature of the water which forms the beverage of the inha- 
bitants, and it has long been a vulgar notion, though formerly derided by men 
of science, that goitre arose from drinking snow water, whilst others, with 
apparently loss reason, have attributed it to the humidity of the climate, and 
others again, to the use of water rising from calcareous rocks, such as chalk, 
limestone, &c., owing to the earthy particles contained in the liquid. The 
recent researches of M. Boussingault appear to throw much light on the 
subject; and since the result of his investigations, and the simple remedy pro- 
X>osed to avoid the evil, cannot he made too generally known, this brief notice 
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There is a class o^stirings very common in some countries, 
though scarcely occurring at all in England, which owe their 
peculiar properties to the presence of soda, either in the form 
of the or the sulphate of soda. Of this description is 

the celebrated spring at Carlsbad^ which contains both these 
salts. The vast quantity of alkali thrown out in the course of 
a single year by this spring is remarkable : it yields annually 
about 20,000,000 cubic feet of water, and it has been calculated 
that this quantity of the Carlsbad waters contains more than 
13,000,000 pounds of carbonate of soda, and about 20,000,000 
pounds of sulphate of soda*. 


will not be here out of place, cli^ely connected as it is with our present 
subject. 

M. Boussingault's researches were carried on in the Andes, where the 
disease greatlj prevails ; and he commences by showing, that the goitre of 
that elevated region, can neither arise from the humidity of the climate, 
nor from the nature of the earthy ingredients of sj^ngs, but apparently is 
attributable to the use of melted snow as a beverage. This he ascribes to the 
absence of the quantity of air usually present in good drinkable water ; for, he 
has observed, that persons who habitually employ as their beverage, water devoid 
of its due proportion of air, (whether that deficiency be owing to the circum- 
stance of its being obtained immediately from the melted snow of the moan- 
tains, or to any other cause,) are subject to this disease, whilst persons who 
take the precaution of aerating water before drinking it, escape the deformity* 
The process of aerating water may, under ordinary circumstances, be efiected 
by merely exposing it to the atmosphere, for thirty or forty hours previous to 
using it. For the same reason, a river which at a high level appears to pro- 
duce goitre, has no such tendency at a lower one ; that is, so soon as its waters 
have become duly aerated in their descent, by exposure to the atmosphere. 
In like manner, water which rises from edeareous rocks, or which has 
become stagnant in lakes or ponds, if the surface of the latter be covered with 
a film or scum, has a tendency to produce goitre, not fi^m the presence of 
earthy ingredients, or of other foreign matter in the liquid, but from the 
absence of the requisite and usual quantity of air. 

* The anti-inflammable properties of a solution of carbonate of soda, are 
so remarkable, and apparently might be rendered so useful in many cases, 
that no apology is required for the insertion of some notice of the subject in 
this place. According to some experiments made by Mr. Prater, it appears that 
if wood, paper, linen, calico, &c., be immersed for a certain length of time in 
a solution of carbonate of soda, it will be rendered umnfiammahlet that is to 
say, will not burst into a flame. “ Wood," observes Mr. Prater, “ should 
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In addition to the mineral springs already noticed, we meet 
with c(ilcareou8 springs; or such as hold carbonate of lime in 
solution; siliceous^ or springs containing lulica, or flint; and 
hUtmimuSy or such as are impregnated with petroleum, 
mineral pitch, or naphtha. 

Calcareom springs^ or springs highly charged with calcareous 
matter, are not of unfrequent occurrence, and present many 
phenomena of great interest. They are most usually met with 
in limestone rock, from which they derive their calcareous 
ingredients. Water has the property of dissolving the calca- 
reous rocks over which it flows ; and hence, even at the earth’s 
surface, a fjedl of rain on such rocks carries a certain proportion 
of this earth into every little rivulet or pond in its vicinity. 
The waters of the latter thus become impregnated with calca- 
reous matter ; and by this means a supply of carbonate of lime 
is provided for the testacea or shell-fish, inhabiting such locali- 
ties; this substance being required to assist them in forming 
their shells ; all shells being composed of two constituent parta^ 
the one consisting of animal matter, and the other of particles 
of carbonate of lime. The action of rain-water upon calcareous 
rocks, is due to the presence of carbonic acid in the water; 
but, as we have already seen, many springs hold in solution a 
much larger proportion of carbonic acid than is contained in 

remain a week or ten days immersed in a saturated solution of it ; for calico or 
linen, twenty minutes, and for paper two or three hours at furthest, is suffi- 
cient. If either of these be dried after such immersion, and then put into the 
fiame of a caudle, they turn black, but do not take fire, and, on being removed 
from the candle, they do not, like tinder, continue to keep alight. . . No 

great or tudd^n destruction of property which had been prepared by this 
solution could take place.” The grand objection to preparing wood, &c., by 
immersion in such a saline solution, is, that all such saline impregnations are 
completely remoTed by the application of water, and yet sooner, by that of soap 
and water. This. objection applies to the floors of dwelling-liouses, and to 
articles of clothing. Mr. Prater, however, considers that this mode of render- 
ing substances uninflammable is more particularly adapted for practical 
application to all offices and premises, in which, from the trade pursued, or 
the number of documents kept in pi^>er, the risk of fire is increas^ ; as also 
to ships, and particularly to steam-boats, and we may also add, to churches, 
and all places of public resort. 
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rain-water ; so that, when such waters come in contact with 
limestone rocks, they dissolve a far greater quantity of calca- 
reous matter than rain-water will effect. When, however, the 
carbonic acid gas becomes dissipated in the atmosphere, the 
water being no longer capable of holding the lime in solution, 
the mineral ingredients fall to the earth, and are deposited 
either in the form of tufa, called also calc-tuff, which is an un- 
compact, porous rock, or in that of travertin, which is usually 
hard and semi-crystalline, forming a solid limestone rock. 
Such power has water, even in its most quiet operations, to 
change the surface of the earth, bearing down the calcareous 
matter from one spot, to deposit it in another ; thus, by sure, 
but gentle means, wearing away the solid limestone rock ; and 
by an equally gradual process, forming a new rock, not inferior, 
perhaps, in hardness, to that from which the materials were 
derived. Whilst this deposition of calcareous matter is in 
progress, it not unfrequently happens, that plants growing 
near the spot, and other substances, become encrusted with, 
and sometimes embedded in the tufa, or travertin, and thus 
apparently converted into stone ; in which state they may be 
permanently preserved; and from this circumstance, these 
springs are commonly designated petrifying, but more properly, 
mineralizing springs. 

The Dropping Well at KnareshorougJi, in Yorkshire, forms 
an example of a calcareous spring in our own country. This 
remarkable spring, which is situated on the south-west bank 
of the river Nid, rises at the foot of a limestone rock, and after 
pursuing its course for the distance of about sixty feet in the 
direction of the river, spreads itself over the upper surface of 
a crag, or projecting mass of rock, from the under side of which 
the water falls in the form of a shower, dropping with consi- 
derable rapidity, the height from the ground being about 
thirty feet. The average discharge is about twenty gallons 
per minute. The water is very cold, and, as it falls to the 
ground, a deposition of carbonate of lime takes place, which 
encrusts any substance on which it may rest, and which forms 
the porous rock called tufa. 
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The phenomenon of the formation of stalactites and stalag- 
mites by a dropping well of this description, is displayed on a 
grand scale at Sansadarrahy in the Himalaya Mountains. The 
situation of this place is most picturesque, surrounded as it is 
on all sides by hills which attain the elevation of 6000 feet, 
and which are clothed to the very summit with vegetation. The 
rock of Sansadarrah, through which the water drips, extends 
like the roof of an open piazza, for the length of about 160 feet, 
overhanging a depression, or basin, which is situated at a con- 
siderable depth below it. The dropping-well is formed by a 
small stream, which is a remote tributary of the Ganges, and 
which flows down the sides of the adjacent mountains. This 
stream, when it reaches the edge of this precipice, instead of 
forming a cascade, is absorbed by the porous rock, through 
'which it filters, and falls into the basin in a perpetual shower. 
The ceiling of this cavern is covered with beautiful stalactites, 
and in some parts of the basin, stalagmitic encrustations abound, 
which, meeting the stalactites, present the appearance of clus- 
ters of pillars supporting an edifice. 

On the roof 

Large growth of what maj seem the sparkling trees 
And sliruhs of fairy land: • * • 

* • • embossed and fretted wild 

The growing wonder takes a thousand shapes 
Capricious, in which fancy seeks in vain 
The likeness of some object seen before. 

Calcareous springs are very numerous in Italy, especially in 
the districts bordering on the Apennines. One of the most 
remarkable examples of the rapid precipitation of carbonate of 
lime, occurs at the hill of San Vignone, iu Tuscany, situated 
at a short distance from Radicofeni, and only a few hundred 
yards from the high road between Sienna and Rome. The 
water of the spring of San Yignone is hot, has a strong taste, 
and is usually of a bright green colour. So rapid is the deposi- 
tion of calcareous matter near the source of this spring, that at 
the bottom of a conduit-pipe provided for conveying its waters 
to some baths, a mass of solid travertin, six inches in depth, is 
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formed every year. This rock is generally white, and in some 
parts so compact and hard, that it forms an excellent building 
stone. 

On another hill, not many miles distant from that just men- 
tioned, are situated the celebrated baths of San Filippo. The 
water which supplies the baths, falls into a pond, where it was 
found to have deposited a solid mass, thirty feet thick, in the 
course of about twenty years. The lapidifying property of 
this spring has been applied to the manufacture of medallions 
in basso relievo. The water, being first freed from some of the 
coarser parts of the mineral it contains, the moulds from which 
the casts are to be taken, are so placed, that they may receive 
an equable and continued fall of water, in the form of an arti- 
ficial shower. As the water evaporates, the deposition takes 
place ; and the moulds are exposed to this action of the water, 
for a greater or less period, according to the depth of the im- 
pression and size of the cast to be taken off, and the consequent 
thickness of deposit required. Ten or twelve days have been 
found sufficient to form one of small dimensions, but for a cast 
of larger size, three or four months are sometimes required. This 
spot has been celebrated from the most remote period, for its 
mineral waters, which, from the ruins of various edifices, and 
from the medals occasionally found in that locality, appear to 
have been used as baths by the nations of Etruria, and also by 
the Romans. 

So vast are the deposits of travertin in south-western Italy, 
that this substance has for centuries constituted the usual 
building material in that region, and it appears that the ancient 
temples, as well as the gorgeous palaces, and more modem 
churches of Rome, and, indeed, the whole of the streets 
and squares of this once superb city, are built of concre- 
tionary limestone, which has been deposited by calcareous 
springs. 

The Rio San PedrOy which forms the national boundary 
between the states of Mexico and Central America, is remark- 
able for the lapidifying power of its waters, which they possess 
in a most extraordinary degree; and the numerous reefr which 
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occur in its stream, are said to be entirely formed of petrified 
or mineralized trunks of trees. 

The formation of the lighter rock, called calc-tuff or tufa^ is 
described by Colonel Monteith as occurring on an extensive 
scale in Azerbijan. Not far from Cherdk-Tchay are the ruins 
of a palace, erected by Suleiman, one of the first caliphs of 
Bagdat. Among these is a quadrangular structure, built round 
a natural basin, above 200 feet in diameter, and presenting a 
singular phenomenon. The water in this basin appears to be 
agitated by a strong spring ; but on a nearer approach, this is 
found to be occasioned by carbonic acid gas, forcing its way 
through the water. The water appears to contain an unusually 
large proportion of calcareous matter, and the basin from whence 
it issues, which is 300 feet in height, is wholly composed of 
light porous calcareous tufa. The superfluous water is carried 
out of this fine reservoir, by a small channel, and, wherever it 
rests, a deposit of tufa immediately takes place. The whole 
face of the country seems to be of similar formation, and even 
the line of mountains in the neighbourhood, some of which 
have an elevation of 7500 feet, appear to their very summits to 
be composed of the same light deposit. 

Siliceous springSy or springs holding silica, or flint, in solu- 
tion, are by no means of such frequent occurrence as calcareous 
springs. We have seen, that in order to render the latter 
springs highly chaiged with calcareous matter, the presence of 
carbonic acid is required, and that, as the gas becomes dissipated 
in the atmosphere, the deposit of the mineral substance takes 
place. Other conditions are necessary for the formation of 
siliceous springs, for it appears, that water will not hold silica 
in solution, unless the liquid be raised to a high temperature ; 
siliceous springs are therefore all hoty or tkermaly as well as 
mineral springs. As soon as the water of such springs is cooled 
by coming in contact with the air, the liquid, having no longer 
the power of holding the silica in solution, a rapid deposition 
occurs, and various species of rocks are formed. The most 
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celebrated springs of this description are those of the ValU^ 
das FumaSy in the Azores, and the Geysers of Iceland. 

The former, which are in the island of St, Michaely rise 
through volcanic rocks, and form several streams, precipitating in 
their course vast quantities of the deposit, called siliceous sinten 
The largest fountain, called the CaAddray is nearly thirty feet 
in diameter, and its depth is unknown. The water of this 
spring is of a boiling temperature, and is in a state of constant 
ebullition, emitting a highly sulphureous vapour, described as 
smelling like burnt gunpowder. Some of these springs also 
hold in solution, alumina or cZay, and in that case the deporits 
consist of a greater or less portion of that material. Such 
springs are called argillaceous. Around the circular basin of 
the Caldeira, the sinter accumulates, and wherever the water 
iiows, the grass, ferns, reeds, &c., become more or less 
encrusted with silica; and are said to “exhibit all the suc- 
cessive states of petrifEu^tion, from the soft state to a complete 
conversion into stone.” Branches of the same ferns that now 
flourish in the island, are found wholly embedded in silica, 
preserving the same appearance as when growing, except that 
they have acquired an ash gray colour. Fragments of wood 
have also been met with; and a bed from three to four feet in 
depth occurs, almost entirely composed of reeds, of a species 
now common in the island, but which have become completely 
mineralized, by the deposits from this spring. 

A yet more remarkable instance of the deposition of silica, 
or silex, is afibrded by the Geysers, or hot springs of Iceland. 
The two largest of these celebrated fountains are situated in a 
valley near HaeckadaL The principal fountain, or Great 
O^ser, rises out of a spacious basin situated in the middle of a 
amall eminence, or mound, formed by the deposits from the 
apring. The basin is of an oval form, its diameter being about 
fifty-six feet in one direction, and forty-six feet in the other. 
The depth of this basin does not exceed three feet, but in the 
centre is a fissure, or natural pipe, from eight to ten feet in 
diameter, and seventy-eight feet in perpendicular depth. The 
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inside of the basin is lined with a siliceous crust, which is of a 
whitish colour, and has a smooth surface. The mineral deposits 
on the outside of the basin assume a different appearance ; for, 
owing to the splashing of the water when this remarkable 
fountain plays, the latter present a rough exterior, and have 
been compared to the heads of cauliflowers. The basin is 
usually filled with beautifully transparent water, in a state of 
ebullition. When Sir George Mackenzie visited this spot in 
1810 , he found the basin full of hot water, and with a small 
stream running out on one side by means of a channel the 
water had formed for itself. Sir George and his companions 
then proceeded to inspect some of the lesser fountains, of which 
there are several in the same vicinity ; and on their return to 
the Great Geyser, they were startled by a sound like the 
distant discharge of artillery, and by the shaking of the 
ground. The subterranean noises became louder and louder, 
and the agitation of the earth continued to increase, until the 
water in the basin, after heaving several times, suddenly rose 
in a large column, accompanied by clouds of steam, to the 
height of about ten or twelve feet. The column of water 
then seemed to burst, and sinking down, flowed over the 
margin of the basin in considerable quantities. This was fol- 
lowed by a; succession of eigliteen jets, some of which rose to 
the height of fifty feet. After the last of these, the water dis- 
appeared from the basin, sinking within the natural pipe; and 
during such intermissions, the steam ceased to issue from the 
pipe, and all appeared tranquil. A few hours later, Sir George 
Mackenzie witnessed a repetition of this phenomenon, but on 
the latter occasion in greater magnificence, a succession of jets 
being thrown up, some of which attained the height of ninety 
feet. The accounts given by more recent travellers of this 
remarkable fountain correspond very closely with the descrip- 
tion above related, though a greater height is usually assigned 
for the jets of water from the Great Goyser, which are said to 
be thrown up with loud explosions, to the height of one or two 
hundred feet. A column of steam is also said to rush up with 
amazing force, whilst a thundering noise terminates the erup- 
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tion. The petrifactions which are formed by the deposits from 
the Geysers, are very beautiful. The leaves of birch and 
willow are met with, converted into white stone, and in a state 
of the most perfect preservation, every fibre being entire. 
Grass, rushes, masses of peat, &c., are equally well preserved ; 
and in some cases, the plants encrusted with sinter, present a 
very similar appearance to those encrusted with calcareous 
tufa at Knaresborough. Amongst other products of the Greysers 
is tripoli*, whilst the circular reservoirs into which these 
fountains fall, are filled with a variety of opal. 

Various hypotheses have been suggested, to account for the 
phenomena presented by these remarkable fountains. One of 
the most satisfactory is that proposed by Sir George Mackenzie, 
and which will be better understood by a reference to the 
accompanying diagram. Water percolating through the rocks 
on the suiface of the earth, may be supposed, by means of the 
fissure, F F, to penetrate into the subterranean cavity a; whilst 
at the same time, steam, at a very high temperature, being 
thrown up from the internal source of heat, emanates from the 
lower fissures c c. The heat produced by this jet of steam, causes 
the water in the cavity to boil furiously; and when this has 
been continued for a sufficient length of time, the upper part 
of the cavity becomes filled with steam. Confined within that 
limited space, the steam is under what is termed high pressure^ 
that is, there is no outlet by which it can escape, and owing to 
its elasticity and expansive power, it presses with great force in 
every direction; and were there no outlet for the water, the 
probable consequence would be a violent disruption of the rocks 

• The researches of Professor Ehrenherg have disclosed the fact, that the 
tripoli of Bilin in Bohemia consists almost entirely of siliceous shields of fossil 
inlTusona, apparently deposited in successive layers. It would be an interest' 
ing point to ascertain whether the tripoli of Iceland be of similar fbrmation; 
for if indeed, like the former, the silex it contains consists of the coverings of 
infusoria, it may lead us to suppose that these minute creatures ore not only 
adapted for existing in water at a high temperature, but that probably they 
may actually require it for their development. An additional proof wouM 
thus be afiorded that every condition of things on the earth’s surface is suited 
to afford sustenance to hving creatures. 
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in all directions. But the fissure or crevice eb, forms a safety 
pipe, and by the power of the steam, the boiling water is forced 
up this pipe, and thrown out on the earth’s surface to a greater 
or less height, according to circumstances. In the meanwhile, 
though the water at d becomes diminished in volume, yet the 
steam, which before was compressed within a small space, now 
gives proof of its elasticity by expanding, and continuing to 
expand, until the whole of the water in the cavity is driven 
into the pipe ; the steam then itself rushes up the pipe with 
great force and velocity, and with a thundering noise ; forming, 
as we have already seen, the termination of this remarkable 
natural exhibition. If stones are thrown from above into the 
pipe, and this safety vent thus closed, the water is made to boil 
more violently, and should the force of the steam not drive the 
stones upwards, and thus cause an eruption, an explosion 
would take place, and the rocks themselves be shivered to 
pieces. Mr. Henderson made the dangerous experiment of 
throwing a considerable number of large stones down the pipe 
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of the Strokr, one of the Greysers, and found that he could by 
this means, bring on an eruption in a few minutes. The frag- 
ments of stone were cast up with the boiling water, the latter 
being thrown up to a much greater height than usual. After 
the whole of the water had been ejected, a column of steam 
continued to rush up with a deafening roar for nearly an hour. 
But the Geyser, as if exhausted by this unwonted effort, did 
not recommence its eruptions after its ordinary interval of repose 
had elapsed. 

Bituminous or petroleum springs^ that is, springs impregnated 
with petroleum and the various minerals allied to it, such as 
bitumen, naphtha, asphaltum, and mineral pitch, are very 
numerous, and are in many cases evidently connected with 
subterranean heat, occurring either in the vicinity of active 
volcanos, or in districts where traces of igneous action are 
distinctly observable. Springs of this description are met with 
in some of the districts bordering on the Caspian Sea; they 
also are very numerous in the tract of country constituting the 
ancient Mesopotamia. The greater part of these regions pre- 
sent indications of volcanic action; but that these springs are 
not confined to such localities, appears from the following cir- 
cumstance. In an Artesian well recently formed in the de- 
partment of the Bas Rhin, a jet of water has been obtained, 
copiously charged with the best petroleum. This mineral 
substance was so abundant in this fountain, that it has been 
collected, and applied with great advantage to economical 
purposes. 


CHAPTER XIV. 

THERMAL SPRINGS. 

Much difference is observable in the temperature of springs : 
some being very hot, and others comparatively cold ; whilst 
almost every shade of temperature occurs between those two 
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extreme points. It might therefore appear difficult to decide 
at what point to draw the line between hot and cold springs ; 
where the one should commence, and the other terminate. 
Dr. Daubeny has proposed, and this will doubtless be found a 
very convenient mode of determining the point, that springs 
should rank as cold when their temperature is the same, or 
nearly the same, (that is, but little above) the mean, or ave- 
rage temperature of the locality where they occur ; but when 
of a more elevated temperature, they may be considered as 
ihermaly or hot springs. 

According to the above mode of distinguishing thermal 
£rom cold springs, however, a spring issuing from the ground 
at a moderate temperature, may form a thermal spring in one 
country, whilst it would be a cold spring in another. Thus, 
the mean temperature of this country being, according to Dr. 
Daubeny, estimated at 49^ Fahrenheit, the mineral spring at 
Bakewell in Derbyshire, the temperature of which is 62°, is a 
thermal spring, coming to the surface as it does in Britain; 
but if another of precisely similar temperature were to issue 
forth in Southern Italy, or Sicily, where the mean temperature 
is assumed to be 63°, it would constitute a cold spring in that 
region. 

Nor do these remarks apply to land or superficial springs, 
but to those only which issue from considerable depths. Land 
springs, deriving their supplies directly fi’om the atmosphere, 
are liable to vary in temperature with that of the seasons, and 
of the rain by which they are supplied. The heat of the sun 
also penetrates to a certain depth in the earth, and springs 
having their source within the limits of that range, are liable 
to variations in their temperature. Beyond that particular 
depth, however, the solar influence and the consequent fluctu- 
ations of temperature wholly cease, and a constant or unvary- 
ing temperature is maintained. Thus, it has been found, from 
observations made in the vaults beneath the Observatory at Faris^ 
which are situated at the depth of 87 feet below the surface of 
the ground, that the temperature has not varied for more than 
half a century. The depth of this line of uniform temperature 
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is not the same in all localities, for, owing to the different 
nature of the strata at the earth’s surface, and their consequent 
•different conducting power, the solar heat penetrates to a greater 
depth in some places than in othei-s ; it appears, however, no- 
where to exceed 100 feet ; and the temperature at this line, as 
far as observation has been carried, is found generally to cor- 
respond very nearly with the mean annual temperature of the 
surface. Springs deriving their supplies from reservoirs at this 
depth, might therefore be expected to possess a temperature 
similar to the mean temperature at the surface ; and would 
accordingly, in the strictest sense of the term, (as defined by 
Dr. Daubeny,) constitute cold springs. And indeed, when no 
local disturbance occurs, to affect the temperature of the strata 
from whence the spring may issue, such is found to be the case. 
And yet further, springs having their origin from reservoirs 
situated in this line or zone of uniform temperature, are likely 
to be the coldest of any that issue from the earth, excepting 
perhaps only, such as derive their supplies directly from snow 
water : for it appears that beyond this zone, an increase of 
temperature is observed to take place, on descending deeper into 
the interior of the earth. The amount of this augmentation of 
temperature varies in different localities, owing to the different 
nature of the rocks, and other circumstances, but is considered 
to be, on an average, about one degree of Fahrenheit in forty- 
five feet. Such being the case with the solid contents of the 
globe, we shall be led to expect that the latter will communi- 
cate their higher temperature, to the bodies of vrater treasured 
up in their cavities ; a conclusion which is home out by facts ; 
for, from observations made during the construction of Artesian 
wells, it apj>ears, that the temperature of water, derived from 
sources below the line of uniform temperature, augments with 
the depth, and that the ratio of this increase nearly corresponds 
with that observed to take place in the rocks which form the 
earth’s crust, being like that also subject to some variations, 
dependent on local circumstances, and attributable to similar 
causes. These trifling variations do not, however, affect the 
general principle, and it may be considered as an ascertained 
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fact, that as we descend into the earth, an increase of temperature 
takes place, both in solid rocks and in accumulations of water, 
in proportion to the depth below the line of uniform tempe- 
rature. This circumstance is attributable to the internal heat 
of the globe, which increases towards the centre, and, were it 
not for the external heat derived from the sun, the very sur&ce 
would be the coldest, but as the earth is at present constituted, 
this is determined by the depth to which the solar heat pene- 
trates, and the zone of greatest cold consists in fact of that 
particular line, to which no solar heat extends, and which, 
from its distance from the centre, possesses the smallest portion 
of terrestrial heat. 

But although some thermal springs evidently owe their 
higher temperature to the internal heat of the globe, this is by 
no means the sole cause of the elevated temperature of all hot 
springs, for it appears that the heat of most thermal waters, 
which possess a very high temperature, is in great measure 
attributable to the various igneous disturbances in the earth’s 
crust, either as at present exhibited in active volcanos, or in 
the more ancient commotions, caused by subterranean fire, 
similar in character to that at present exhibited in the pheno- 
mena of volcanos and earthquakes. The latter description of 
internal heat, it will be observed, difiers totally from that before 
mentioned. The internal heat, which gradudly increases as wo 
approach the centre of the earth, is quiet in its operations, and 
though perhaps essential to the maintenance of the terrestrial 
globe in its present condition, exhibits no signs by which its 
presence can be detected ; nay, its very existence might have 
remained unknown, had not the most careful investigations 
and patient observations led to^is conclusion. The pheno- 
mena of volcanos and earthqif(pes, on the other hand, make 
themselves heard, and thefe, Instead of being, like the former, 
of universal occurrence in all parts of the globe, are limited to 
certain areas, and in some of these, again, the igneous action 
appears so isx to have spent itself, that it displays no external 
evidence of the effects of subterranean fire, though beneath the 
surfiice, considerable heat is still retained ; whilst in others, the 
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energetic action of intense heat is shown, by the molten mine- 
rals which are poured forth by volcanos. These two latter 
conditions of the earth’s crust, give rise to the greater number 
of thermal, or hot springs. It further appears from the obser- 
vations of M. Brongniart, that the hottest springs are those 
associated with recent volcanos; the next in order, are such as 
proceed from strata presenting evidence of igneous action, 
though now externally extinct ; whilst the lowest on the scale 
are such as are connected wdth aqueous formations, and appear 
to derive their greater or less degree of temperature, solely 
from the natural internal heat of the globe. 

Among springs remarkable for their high temperature, and 
having their origin in the vicinity of active volcanos, few are 
more deserving of attention than the Gej/sers of Iceland, which 
are not less distinguished for the grand exliibition of their 
intermittent fountains, and their interesting deposits of silica, 
than for their very high temperature. According to recent 
observations made by M. Lottin, the temperature of the water 
of the Great Geyser, at the depth of about eighty feet, was 
found to be 257° Fahrenlieit, or 45® above the boiling point ; 
and that of the Small Geyser, at the depth of about fifty feet, 
vras 232®. Water in a small hole at the surface of the ground, 
was met with, having the temperature of 214®. To the same 
class belong also the springs in the volcanic island of St.Mieha^Vsy 
to which allusion has likewise already been made, in speaking 
of siliceous springs, and which are equally remarkable for their 
high temperature. All the springs in the island of St. MichaeTs 
do not, however, possess this elevated temperature, some being 
moderately warm, and others quite cold. The hot springs, 
nevertheless, are the most numerous, and, besides those already 
mentioned for their remarkable deposit of sinter, several other 
smaller boiling springs occur, and vapour, or steam, is seen 
issuing from the crevices of the rocks in many places. By 
applying the ear to some of the latter, the noise of boiling 
water may be distinctly heard, whilst from others, boiling 
water is thrown out at intervals, scalding those who may 
incautioiisly or unwarily approach too near. Fuel is a very 
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ficai’ce and expensive article in this island, and the peasants 
consequently take advantage of these boiling waters, cooking 
their victuals by means of this natural steam apparatus, and 
placing their culinary utensils, either over the boiling springs, 
or resting them upon some of the crevices from whence steam 
issues. 

Among springs connected with extinct volcanos, are those 
of Hungary, the mineral springs of the Rhine Provinces, the 
thermal springs of Central France, especially those of Mont 
HOr, where the very baths exist, which were constructed in 
the time of Julius Csesar. The thermal brings of Asia Minor 
may also he included in tliis class. Such are those mentioned 
by Mr. Hamilton as occurring near Singerli, the waters of which, 
at a mile from their source, are still of sufficiently high tempe- 
rature to form a hot bath ; and those of Capliza, near the city 
of Prusa, which are so hot, that they require to be mixed with 
cold water before they are fit for use. The remains of ancient 
baths occur at Capliza, supposed to be those described by ancient 
authors as the “Royal hot waters,” which it appears were used 
by the Greeks during the flourishing times of the Empire. 
New baths have been constructed in this locality ; and so high 
is the temperature of these springs, that the hand cannot bo 
held in the water; whilst eggs immersed in it, become soft 
boiled in ten or twelve minutes, and completely hard in less 
than twenty minutes. It has a strong sulphureous smell. 

Another class of thermal springs are those situated in the 
vicinity of uplifted mountain ranges. To give rise to a disturb- 
ance in the earth’s crust of sufficient amount to cause the 
uplifting of a whole mountain ridge, we cannot but conclude 
that some mighty agent has been at work, some energetic display 
of subterranean fire. In the evidence thus presented of igneous 
action of intense amount, though displayed at some antecedent 
period, we find the cause of the high temperature of springs 
issuing from such localities ; tor, although no longer exhibited 
externally, sufficient heat may be retained internally, to raise 
the temperature of the stores of water treasured up among these 
rocks. In the neighbourhood of uplifted mountain ranges, 
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thennal springs often occur in groups, or are met with in a line 
at the foot of the mountain ridge. Thus, there is a group of 
thermal springs manifesting itself at the base of the central 
range of the Alps, as at Baden in Argau, Schinnach^Pf^ers, &c. ; 
and also on the western flank of the same mountain range. In 
European Turkey, again, a line of hot springs occurs to the south 
of the mountain ranges of Balkan and Oihelus^ extending from 
east to west, the highest temperature of the springs in this local- 
ity being 162° Fahrenheit. The thennal springs of the Pyrenees 
belong to the same class ; and Professor Forbes, who visited 
this spot in 1835, has shown that these thermal springs for the 
most part gush out from the vicinity of inirmite rocks, that is, 
of igneous rocks, such as granite, serpentine, &c., which have 
intruded, or forced their way into the stratified rocks ; and he 
has observed that several of these thennal waters rise exactly 
from the point of junction of the granite with the stratified 
rocks. Such is the case with the hot spring of Bagnere de 
LwTiony and the very abundant spring of UEscaldas^ both of 
which rise from granite, near its junction with slate. 

Thermal springs, which are contiguous to extensive faults, 
or dislocations, approach very near in character to those just 
described, and owe their high temperature to similar causes. 
The celebrated Carlsbad waters afford an example of this descrip- 
tion of spring. This copious spring issues from a narrow glen, 
presenting the indication of some great natural convulsion. 
The temperature of the Carlsbad waters is about 167®. Striking 
instances of the connection between dislocation in the strata, 
and the bursting out of thennal springs, are exhibited in our 
own country, both at Matlock^ and at St, Vincenfs Bocks near 
Bristol, 

The hottest spring in Great Britain, is that ccdled the Kin^s 
Well^ at Bath^ its temperature being 115°, or about 66° above 
the mean temperature of our island. The product of this 
^ring is 28,339 cubic feet of water daily. St, Annds Spring 
at Btustony which is next in temperature to the springs at Bath, 
does not exceed 82°, and the hot well at Bristol has only a 
temperature of 74®. 
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The hottest spring in Europe, exclusive of the Geysers, or 
any of those affected by volcanos at present in a state of 
activity, appears to be that of Chattdes Aigues^ near Aurillac 
in the Department de Cantal; the temperature of this 
spring, which yields daily 307,188 cubic feet of water, being 
174°. 

We have seen that in the island of St. Michael's hot and 
cold springs are met with at very short distances from each 
other; this is by no means an uncommon occurrence. Thus, 
Sir James Alexander mentions that in Southern Africa^ hot and 
cold springs situated very near together, issue from the ground 
at the foot of a ridge of hills. The latter instance is rendered 
more remarkable by the circumstance, that nearly contiguous 
hot and cold springs issue on both sides of the ridge, on the 
one side uniting their waters, and forming a lake several miles 
in extent; and on the other, losing themselves in a richly ver- 
dant plain, which doubtless owes its fertility to this natural 
underground irrigation. In the Pyrenees^ again. Professor 
Forbes met with hot and cold springs issuing forth, within a 
few yards of each other. In such instances, we may well con- 
clude, that the sources of the springs are separated from each other 
by a line of fault, and that the one derives its supplies from 
atmospheric moisture, accumulated in some reservoirs near the 
surface, whilst the other rises from a much greater depth, 
where the stores of water have become heated, either by the 
proximity of igneous rocks still retaining a high temperature, 
or simply by the natural internal heat of the globe at greater 
depths. 

Springs which occur in volcanic regions are subject to vary 
in their temperatum, with the greater or less degree of igneous 
action, which may at any particular period be developed in such 
localities. Thus, by means of the convulsions attendant on 
the formation of Jorullo^ in Mexico, and the igneous action 
which gave rise to that remarkable phenomenon, two small 
streams of cold water disappeared, or were swallowed up, but 
re-appeared on the opposite side of the volcano, as one thermal 
spring. Since the period of that mighty convulsion, no indica- 
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tions of renewed igneous action have occurred ; the volcano has 
ceased to emit smoke, and the whole region has appeared to 
l>e undisturbed by subterranean fire ; and with thb apparent 
diminution in the temperature of the rocks, the w^aters of the 
newly-formed thermal spring have also gradually cooled down* 
On the other hand, the temperature of the spring of Las Tirin'^ 
€her<iSy in Venezuela has been augmented since it was observed 
by De Humboldt in the year 1800. At that period, the waters 
of this spring possessed a temperature of 195° Fahrenheit; bui^ 
in 1823 this had increased to 206°. According to De Hum* 
boldt this spring is not connected with any active volcano ; 
but, that this augmentation of temperature was due to intense 
subterranean heat, appears evident from the circumstance that 
in the intermediate period between these two observations, the 
severe earthquake had occurred which, in the year 1812, 
destroyed Caraccas, and extended over all Venezuela, which 
even visited the island of St. Vincent, and convulsed the valley 
of the Mississippi for the distance of three hundred miles. In 
this latter instance, although the increase of heat in these 
waters is undoubtedly like that of the newly-formed thermal 
spring at JoruUa^ attributable to igneous action, we must, in 
the case of the spring of Las Trincheras, seek for this at 
a far greater depth below the surface ; and therefore there 
inay be reason to expect, that the latter spring will not ex- 
perience the same sensible diminution of temperature, within 
so short a period as has been observed in JoruUo. This is 
a point which, however, only time and future observations 
can decide. 

Thermal springs, which are not immediately connected with 
active volcanos, or with violent convulsions of the earth, are 
sot subject to an increase or diminution of temperatui*e, but 
appear to undergo no sensible change for long periods of years. 

observations for any great length of time of course 
cannot be obtained, but it has been found that the mineral 
spring at Carlsbad, possessed in 1822, the identical temperature 
Vrhich belonged to it in 1770 ; so that no change whatever had 
oceuned in more than fifty years. And with r^ard to less, 
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precise observations as to the permanent temperature of i^ringEf^ 
many circumstances lead to the conclusion that very little, if 
any variation, can have taken place in several of the most cele- 
brated thermal springs, many of them which are at present 
resorted to for their restorative virtues, having been employed 
in a similar manner 2000 years ago. That the thermal springs 
at Bath were not unknown to our Saxon ancestors, is clearly 
indicated by the name this city still retains, had being the 
Saxon word for bath. That this spot was also frequented by 
the Romans for its thermal waters, is proved by the remains 
of baths which have been met with in that place, Thus^ 
when the Abbey House was pulled down in the year 1765, 
the remains of baths, seemingly on a grand scale, were dis- 
covered beneath the foundations of that edifice. The floors of 
these baths were raised on square pillars of brick, whilst tubu- 
lated or hollow bricks were laid round them, designed, as has 
been supposed, to convey the water to the bath, though per- 
haps in some instances also adapted for fulfilling the further 
purpose of maintaining the temperature of the water in the 
baths, by means of continued supplies of hot water &esh &om 
the spring. We may therefore conclude that the temperature 
of the Bath mineral waters must, at the time when the 
Romans held possession of this portion of our island, have 
very nearly, if not entirely, approached to that still maintained 
by them in the present day. Other instances of permanency 
in the temperature of thermal springs might be adduced, bat 
this, with those already incidentally cited, in speaking of 
mineral springs at Caliza, and on Mont D^Or, will suffice for 
our present purpose. 

We have seen that springs generally appear to derive their 
supplies of water from atmospheric moisture, which percolates 
through porous strata, or finds its way into the earth through 
crevices and fissures ; and which, when an outlet is obtained, 
again issues to the surface on the principle of hydrostatic pres- 
sure. Springs which are thus supplied, however, cannot but 
be liable to be more or less affected by the weather, and after 
long continued droughts, it will he evident that they will be 
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subject to become languid, if not altogether to fail. The less 
deep the source of the spring, and the less extensive the reser^ 
voir, the more likely will this be to occur ; and we well know 
that it is by no means an uncommon event for land or superfi- 
cial springs to feil during the dry weather of summer. In the 
greater number of thermal springs, however, the volume, or 
quantity of water, does not appear to be subject to such varia- 
tions ; a circumstance which has led to the supposition, that 
they are not wholly dependent on the atmosphere for their 
supplies of moisture. The question therefore naturally pre- 
sents itself, from whence, then, can their supplies of water be 
obtained? Mr. Lyell has suggested, as a probable solution 
of this question, that it is by no means impossible that the bed 
of the ocean, may, like the dry land, possess permeable, as well 
as impermeable rocks, and that through these, as also by means 
of fissures and crevices, large quantities of salt water may find 
its way beneath the floor of the ocean, into the interior of the 
earth. The difficulty, however, appears thus to be only half 
overcome ; for, though water entering in this manner into the 
earth, might, and if it encountered impervious rocks, or a fault, 
to impede its onward progress, would, in accordance with the 
laws of hydrostatics, if it met with an outlet, find its level so 
far, as to ascend nearly to the height of the surface of the 
mighty reservoir from whence it proceeded; yet this could 
never account for its appearance ah(yoe that level. Whereas, 
in fact, the greater number of these never-failing thermal 
springs, issue from the ground at an elevation considerably 
above the level of the ocean. The hot springs at Bath and 
Bristol, it is true, are nearly on a level with the ocean, 
but that at Buxton is 400 feet above that line; the 
Carlsbad spring, 1100 feet; the hot spring on Mont d’Or, 
8400 feet; and some thermal springs have an elevation of 
more than 10,000 feet above the sea-level. To account for 
these springs being raised to so great an elevation, Mr. Lyell 
supposes, that the water which has thus found its way into 
the interior of the earth, there encounters, especially in the 
volcanic regions, a heat of sufficient intensity to convert it into 



THERMAL SPRINGS. 


217 


steam, or vapour*. In this state, it rises upwards, and as it 
approaches the surface of the earth, where the temperature of 
the rocks is lower, it becomes condensed and re-converted into 
water, and accumulates in the internal reservoirs, which form 
the sources of thermal springs ; and these latter, being thus 
supplied, are never subject to fail, so long as the internal 
arrangements continue undisturbed. The temperature of such 
springs will of course be dependent in great measure on local 
circumstances, such as the conducting and consequently cooling 
nature of the rocks in which the reservoirs may be situated ; 
the distance the subterranean stream may traverse ere it finds 
an outlet; or again, the supplies of atmospheric moisture 
which may mingle with the hot water, and thus lower its 
temperature before it makes its appearance at the surface, in 
the form of a spring. To return, however, to Mr. Lyell : “ It 
would follow,” observes that eminent geologist, “from the 
views above explained, that there must be a two-fold circula- 
tion of ten-estrial waters : one caused by solar heat, and the 
other by the heat generated within the interior of our planet. 
We know that the land would be unfit for vegetation if 
deprived of the waters raised into the atmosphere by the sun ; 
but it is also true, that mineral springs are powerful instru- 
ments in rendering the surface subservient to the support of 
animal and vegetable life. Their heat is said to promote the 
development of the aquatic tribes in many parts of the ocean, 
and the substances which they carry up from the bowels of 
the earth, to the habitable surface, are of a nature, and in a 
form which adapts them for the nutrition of animals and 
plants.” 

♦ Dr. Daubeny has suggested that this effect may be produced by chemi- 
cal processes carried on in the interior of the earth. The various substances 
with which thermal waters are usually charged, gives much colour to this 
supposition; for did they wholly originate in condensed steam, we might 
expect them to be the purest springs issuing from the ground, whereas ther- 
mal springs almost invariably contain a more than ordinary proportion of 
mineral ingredients. Probably both these agents may unite in accomplishing 
this end ; nor is it impossible that voltaic electricity may also lend its power- 
ful aid. 
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Thus do we find, that every fresh investigation of the 
various conditions and phenomena of the natural world, teems 
with additional proofs of a Superintending Providence, over- 
mling all things to the benefit of the organized inhabitants of 
the globe. And whilst it forms one of the noblest exercises of 
the human intellect to trace these phenomena from their 
effects to their causes, to investigate the laws by which the 
universe, nay every individual paHicle of it, is governed, to 
mark the evident signs of Wisdom, Power, and Goodness, both 
in the creation and the maintenance of the whole fabric : such 
researches are not less remarkable for their practical utility ; 
for almost every advance in knowledge brings to light pro- 
perties of matter hitherto undiscovered, or leads to new and 
useful applications of those with which we may be acquainted. 
To observe and take advantage, for beneficial purposes, of the 
qualities imparted to any substance by the Creator, cannot be 
otherwise than a fitting occupation for a creature endowed with 
perceptive and reasoning powers ; wliilst the consideration that 
“ Nature performs nothing in vain,” may instil into our minds 
the practical lesson of endeavouring to follow in her footsteps, 
and, as far as is permitted us, to turn everything to profitable 
account. 

As a simple illustration of the above remarks, let us briefly 
consider some of the various applications of thermal waters to 
economical purposes. The thermal waters which have thus 
been made use of, on account of their elevated temperature, are 
diiefly such as have been obtained by means of Artesian wells, 
though in some instances other thermal springs have been 
similarly applied. 

At a manufactory in Wirtemberg, M. Bruckmann, by 
means of water issuing from several Artesian wells, possessing 
a temperature of 64°, and caused to flow through pipes sur- 
rounding the building, has succeeded in keeping up the 
temperature of several workshops to 47° Fahrenheit, in the 
depth of winter, whilst the thermometer in the external air 
was at zero, or 32° below the freezing point. The waters of 
the natural thermal spring of Chaudes Aigues, at Aurilla(v 
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(already alluded to as the hottest known spring in Europe,) 
j^ve also long been applied to similar purposes. In other 
places, greenhouses and conservatories have been mmntained 
at a nearly equable temperature throughout the whole year, by 
means of large bodies of water, of Artesian origin, encircling the 
buildings. Whilst contemplating these actual applications of 
thermal waters to such purposes, and learning what has been 
effected by such means, we almost cease to smile at the erst 
apparently utterly absurd account given by an old writer, of 
volcanos and hot springs in Greenland, which served to warm 
the houses, cook the victuals, and make the fruits of the South 
thrive, in North latitude 74° ! 

Another economical purpose to which the warmer water 
derived from Artesian wells has been applied, is the preserva^ 
tion of fish in ponds. It has often been found, especially in 
countries where the climate is more exceasive^ or subject to 
greater extremes of heat and cold than is that of Great Britain, 
that the fish in ponds are liable to perish in winter from the 
low temperature of the water, and in summer from its high 
temperature. By supplying such ponds with water from an 
Artesian well, the extreme change of temperature in the water 
may be prevented, and the excess of heat and cold avoided* 
The experiment is said to have completely succeeded in a fish 
pond at Montmorenci. 

Another application which has been made of water pos* 
sessing an elevated temperature, and derived from Artesian 
wells, has been to maintain the action of hydraulic wheels in 
severe weather. The duration of frost in our island is rarely 
of sufficient length to render this an object of importance with 
us; but in regions where the rivers are ordinarily frozen over 
for two or three months, the cessation from work may often 
be attended, with much inconvenience. 

When the stmm 

Is xQute^ or faintl j gnrgks £ar below 
Its frozen ceiling; silent stands the milb 
The wheel immoyeable, and shod with ice. 

To remedy this evil, water of elevated temperature, derived 
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fipom Artenaa wells, has been conveyed into the stream in 
WhMi the mill-wheel is situated; where it is employed either 
to pevent the accumulation of ice, or to dissolve the flakes 
whiA may have been formed, and which would impede the 
motion of the wheeL Or, in some instances, where it can 
be obtained in sufficient abundance, the warmer water may 
itself be used as a motive power for turning the machinery; 
and, owing to the equable as well as elevated temperature 
of water proceeding from great depths, the motion of the 
wheel may by such means be continued during the severest 
winters. 

The application of the warm waters of Artesian wells for 
^solving ice, flnds a near parallel in nature, among the snow- 
clad heights of the Himalaya Mountains; where, remarkable 
as it may at first sight appear, thermal springs of very high 
temperature are met with. The particular instance to which 
we at present allude, is a hot spring mentioned by Captain 
Hodgson, as occurring at Jumnotri, near the source of the river 
Jumna, at the elevation of 10,849 feet above the level of the 
sea. The Jumna, which at this place only consists of a small 
stream, was, at the time of Captain Hodgson’s visit, arched 
over by vast masses of frozen snow, extending about 180 feet 
in width, and having a thickness of about 40 feet. These 
masses were very solid and hard frozen, forming arches over 
the stream, resembling vaulted roofs of marble. The thermal 
spring was situated on the borders of the little river, and the 
steam arising from the hot water, melted the under part of the 
glacial arches, causing the water to fell from thence in showers, 
like heavy rain, into the stream beneath, which seemingly 
owes its origin in great measure to the supplies it thus receives. 
Captain Hodgson found that this spring had a temperature of 
194® Fahrenheit, which at the great elevation where it occurs, 
approaches very nearly to the boiling-point of water. Nor 
does this form a solitary instance of thermal springs occurring 
in these elevated regions. Captain Johnson, who visited this 
locality at a more recent period, observed another thermal 
spring not fiur from that mentioned by Captain Hodgson, which 
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possessed a sufficiently high temperature to boil rice. Thermal 
springs, indeed, appear to be of such frequent occurrence in 
this part of the Himalayas, that Captain Johnson met with 
them almost daily in his route among these mountains. To 
return, however, to our more immediate subject. ''The 
existence of hot springs amidst the icy coverings of the Hima- 
layas,” observes Captain Hodgson, "points out a beautiful 
provision of nature for the supply of water to the rivers in the 
winter season, when the sun must have little or no power to 
melt the snow in these deep and narrow defiles.” And thus 
do we find these thermal waters naturally performing a nearly 
similar office with that to which, as we have just seen, the 
warm waters derived from deep Artesian wells have been 
applied,— the maintenance of a flowing stream of water amidst 
&ost, and ice, and snow. There is certainly no reason to 
suppose that, in this particular instance, the natural has given 
rise to the artificial application of thermal watenfe to these 
purposes ; but the consideration that such things are affi cted 
by natural means, cannot but lead us to the reflection that 
many highly useful hints may be acquired, from a careful 
observation and imitation of the operations carried on in the 
natural world. 

We cannot close this brief notice of thermal waters, without 
adverting to another use to which they have been applied, and 
which, though infinitely less important than any of the pre- 
ceding instances, may nevertheless not be without interest to 
some of our readers, namely, their application to the revival of 
drooping flowers. The fact that this effect will be produced by 
thermal waters appears to have been long known to those who 
reside in the vicinity of hot springs, who have remarked that 
decayed flowers plunged into the waters of the spring become 
fresh and beautiful. Of course there must be a limit in their 
decay, beyond which the restorative power of hot water will 
not extend ; but it has been found that if flowers which have 
been twenty-four hours out of water, and which appear quite 
dead, are plunged into hot water, as the ivater gradually cools, 
the flowers revive and recover their fresh appearance. This is 



wy* aiiqr tt# gre^ 

« fcwr «IImi mj H not be gratHying tliiis to call, as it were^ 
lunftTin iiiriiiiMM dmioe or finTourite blossoms carried perhaps 
tnm 4 £itait q>ot; and wliich, without this simple means of 
Mlainitioiig would preeent only a sad and withered spectacle. 


CHAPTER XV. 

BITCBS^ — ITTFER 001JB8E OF A RXTEE. — CATARACTS AND RAPIDS. 

Bifsbs form a principal feature on the snr&ce of the globe. 
Not only do they enrich and beautify the territories through 
which their course extends, but they also fulfil a very import* 
ant and beneficial office in the economy of nature, by carrying 
off to the ocean, the greater portion of the redundant waters 
from the face of the earth, these being, in most cases, drained 
into the lowest part of the ravine, or basin, which constitutes 
the bed of a river. They also are, in many points of view, of 
direct utility toman; yielding, as the larger number of them 
do, abundant supplies of good and wholesome water, and 
affording an ample provision of grateful food, in the fish they 
contain. Nor is this all ; for they also form, in many instances, 
highly useful agents for propelling machinery, and are of great 
importance as navigable channels. Rivers likewise perform a 
part of much importance in the changes effected by their means 
in the crust of the earth, both by their destroying and trans- 
porting power, and by their renovating effects ; the latter being 
shown in the deposits of fluviatile mud which they leave in 
their course, and the deltas which many of them form at their 
mouths, thus imparting richness and fertility to the champaign 
districts which they traverse. 

He who looks with a careless eye at a map of the world, 
is apt to consider the rivers which are dispersed over its surface, 
as a chance medley of the channels which carry off the waters. 
But it will afford a most gratifying subject of consideration, to 
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direct our attention to iSb.e mode in whkh the Bnrfaee of fhd 
earth is drained of its superfluous waters. In following the 
troubled waters of a mountain torrent, or Ihe more peaceful 
streams which spring from less elevated sources, until we see 
them swallowed up in the ocean, we shall be ddighted with 
observing how the simple laws of mechanics, are made so 
fmitftil in good consequences, both by modifying the motions 
of the waters themselves, and also by leading to new condi« 
tions on the surface of the earth, sometimes being themselves 
instrumental in producing the very modifications of their 
motions which render them so beneficial. The permanent beds 
of rivers are by no means fortuitous gutters, which have been 
scooped out by dashing torrents ; but both they, and the valleys ' 
through which they flow, are the patient, but unceasing labours 
of Nature, prompted by goodness, and directed by wisdom*.” 

The laws of mechanics, which are thus ‘‘ made so fimitfhl 
in good consequences,” have already engaged some of ow 
attention, in speaking of the phenomena of flowing water; and 
it now only remains for us to accompany rivers in their progress 
across the surface of the earth : 

From the rude mountain and the mossy i\ild, 

Tumbling through rocks abrupt; ♦ ♦ » 

Thence o’er the sanded valley spreading fer. 

Calm, sluggish, silent. 

When we trace rivers to their sources, we find that, with 
very few exceptions, all have small beginnings. Indeed, it is 
sometimes by no means an easy task to decide which of two or 
three little brooks, possesses the best claim to be regarded as 
the main or leading stream ; for, in comparatively flat districts^ 
it often happens that in the early part of its course, each feeder 
of a river consists only of a small rill, wliich would not ramble 
flu: from its source among growing plants and permeable strata 
without being either absorbed, or else carried oflF by evaporation, 
did it not unite its waters with those of other rills. When 
two such little rills are united, though perhaps they form an 
inconsiderable body of water, yet the stream is far more able 
by its increased volume, to overcome any obstacle to its pro- 
’ll EncycloTpadia Briianmca, art. Birers. 
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gMs; and the motion of the water being, as we have before 
eoceleiEted by increase of volume, the rivulet, (provided 
other conditions be similar,) moves with greater velocity than 
the eepaiate rills would have done. And we need scarcely 
again call the reader’s attention to another no less important 
result from the admirable arrangements, also before alluded to, 
in the natural world ; — ^namely, that since two streams of equal 
iuze, have, when united, usually little more than the same 
extent of surface as that possessed by each separately, the ab- 
sorption and evaporation of the water flowing downwai*ds, will 
therefore be diminished by the union of two or more rills; 
and thus, the portion of water which travels towards the 
ocean, is continually increasing in greater proportion than the 
increase of the whole volume of water. And hence we And, 
by this happy adjustment, that not only do the waters occupy 
less space as they advance, but by their augmented power, they 
are enabled to scoop out for themselves deeper channels, by 
which means, instead of spreading over a lai^er extent of 
country, the waters are collected into comparatively contracted 
beds, forming deep and navigable rivers. 

In the immediate vicinity of the sea, however, different 
conditions usually prevail ; because, in such situations, the velo- 
city of the stream is checked by the opposing flood-tides of the 
ocean. Nevertheless, as the whole of the waters pouring down 
the river, must still be discharged into the ocean, tidal rivers 
require a larger bed the nearer they approach to their final 
termination, and this enlaigement of the beds of rivers near 
their embouchure, usually consists in the widening, rather 
t-h^n the deepening of the channel. Where the force of the 
stream, and that of the flux of the sea, are well balanced, little 
change is observed to occur at the mouths of rivers. When 
the stream has not sufficient force, the opposing tides sometimes 
drive the sand into the channel of the river, so as to form bars, 
or sand-banks, at their mouths ; and since, under such circum- 
stances, owing to the decrease in the volume of water, the 
velocity of the stream will be diminished, a considerable de- 
position of mud and silt usually takes place. When rivers 
discharge themselves into lakes, or into tideless, or nearly 
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tideless seas, such as the Mediterranean Sea and the Gulf of 
Mexico, the silt and mud borne down by the waters, are de- 
posited at the entrance of the rivers, forming additions to the 
land, usually termed deltots. Of this description are the deltas 
of the Nile, and of the Mississippi. In the open sea, also, when- 
ever the volume of water carried down by a stream is so great 
as to counteract, and almost neutralize the force of tides and 
currents, so that the latter have not power to bear away and 
remove to a distance the whole of the sedimentary matter 
periodically brought down by the river, deltas are produced. 
These depositions at the mouths of rivers sometimes increase 
with considerable rapidity ; of which the accession of land at 
the mouth of the river Po, forms a striking example ; Adria, 
which was a seaport in the time of the Emperor Augustus, 
being now about twenty Italian miles inland*. Ravenna, also 
a seaport, and which at the same period formed a naval arsenal 
of considemble importance, is now some miles from the mam 
sea, whilst the remains of the ancient city have been wholly 
entombed by the deposits of sand and mud, and are now several 
feet below the surface. 

The tract of country which is drained by a river is termed 
a hasiny an appellation derived from the form of the gi’ound, 
which rises with greater or less steepness on three sides, in 
some measure resembling the shape of a basin, or, perhaps, 
more nearly that of a trough, in the hollow or lowest part of 
which the river runs, collecting and carrying off the super- 
fluous waters from the whole area. The ridge of elevated land 
which forms the margin of such a basin, usually at the same 
time, also constitutes the margin of a contiguous basin, thus 
forming the boundary line between two valleys, or basins. 
From this elevated mai’gin the waters descend on each side 
towards the respective basins, and hence the line of this ridge 
has been termed the watershed. 

The sources, or first waters, of rivers are usually derived 
from springs. These, as we have seen, sometimes, though 

* An Italian mile contains 1766 yards; and is therefore very similar to 
an English mile. 



RIVERS. 


rarely, issue from the earth near the summits of mountains ; 
sometimes in low and level situations, .where, since there is not 
sufficient slope to allow them to run freely off, the waters 
accumulate and form either marshes and swamps, or else lakes 
and ponds; and sometimes, and in fact far more frequently, at 
the foot of a declivity, or on the sides of hills and mountains. 
When a spring issues in a sloping ravine or valley, the portion 
of such a valley situated above the point of issue, is termed the 
combe; and we find that many of our towns have derived their 
terminations from this appellation: indeed, there can be little 
doubt that the existence of a copious spring of good water, may, 
in the first instance, have led to the erection of human dwell- 
ings on the particular spot, and that by degrees these grew 
into towns and villages. Thus we meet with Ilfracombe, Fam- 
combe, Addiscombe, &c. 

In some few instances, springs issue ih>m the ground in 
sufficient volume to form rivers at their first commencement. 
Thus, the Soigue (before alluded to, in speaking of springs,) 
rises at once from the ground in the form of an actual river; 
and Burchell mentions that the small but beautiful river Kru- 
men, in Southern Africa, rises out of the ground in a full 
stream. It is, however, not a little remarkable, that the latter 
precocious river, instead of possessing the character of an 
ordinary stream, and increasing in its progress as it flows 
onwards to the ocean, absolutely reverses the usual order of 
things, and is smaller in its end than at its beginning, being 
gradually lost by evaporation, and absorption in the sands. 

The generality of springs are, however, of smaller size, and 
their waters pour forth in the form of rills. 

Go up and watch the new*born rill 
Just trickling from its mossy bed, 

Streaking the heath-clad hill 
With a bright emerald thread. 

Canst thou her bold career foretell, 

What rocks she shall o’er-leap or rend, 

How far in ocean's swell 
Her freshening billows send? 
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Rills, or hroohs^ may be considered as the smallest descrip- 
tion of rivers. When such a river has its source near the sea, 
or near a large river or a lake, and finds its termination in any 
of these bodies of water, after only a short course, it drains a 
very small surfeu^e, and its basin is very limited. Instances 
nevertheless do occur, of rivers taking their rise at a short 
distance from the sea, and yet forming streams of considerable 
magnitude. Thus the broad and rapid river Yokulsa, in Ice- 
land, has a course scarcely three miles in length from its source 
to the ocean. This river, however, has its origin in the vast 
glaciers of Klopa Yokul; and, therefore, cannot be regarded as 
belonging to the class of rivers having small beginnings and 
so included among rills and brooks. 

When two brooks unite their waters, the stream is called a 
rivulet. The basin of a rivulet is more complicated than that 
of a brook, for it is considered as extending to the source of all 
the feeders^ or springs, which may be situated at greater or less 
distances on the sides of the main, or leading basin. When 
several rivulets unite, and thus form a considerable volume of 
running water, the water-course constitutes a river. 

Not only, however, do brooks and rivulets unite to form a 
river, but it further very commonly happens, that before a 
stream enters the ocean a junction takes place between two or 
more rivers, and thus a large river is produced. When such 
an arrangement occurs, it forms a system of rivers. In the latter 
case, the basin becomes far more extended, and frequently a 
vast surface of country is drained by the whole water-course. 
The area drained by the river Thames is estimated at about 
6000 square miles. This, though extensive when compared 
with the basins of many of our smaller streams, sinks into 
utter insignificance, when placed in comparison with those of 
some of the great rivers of the globe. The following table 
exhibits the estimated extent of a few of the most remarkable 
river-basins on the earth’s surface; — 

River-Basina. Square Miles. 

Thames ..... 6,000 

Rhine .... 89,000 

q2 
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River-Basiiis. Square Mneir 

Euphrates, including the Tigris 243,000 
Danube • • . • * 312,000 

Indus . • • . • 410,000 

Ganges . • • • • 443,000 

Volga 653,000 

me 707,000 

Yang-tse-Kiang . . . 742,000 

Mississippi . • • • 1,100,000 

La Plata .... 1,560,000 

Amazonas .... 1,920,000 

We have seen that when several rivers unite their waten^ 
they form a system of rivers. The Rhine, the Rhone, the 
Mississippi, the Amazonas, the Thames, all form instances of 
systems of rivers ; and, as the latter will form a very excellent 
illustration of such a system, and of its divisions and subdivi- 
sions, we will select this for an example. 

The main or principal stream is designated the recipieiit 
stream, because it receives the other streams. Such is the 
main body of the Thames, Rivers which flow into the reci- 
pient, are termed affluent streams* y because they flow towards, 
and directly into, the recipient stream. Thus the Medway, the 
Lea, the Mole, the Coin, the Kennet, are affluents of the river 
Thames. Some of these affluents of the Thames, in their turn, 
become recipient streams, and have their affluents. Thus we 
And that the Coin, which enters the Thames near Staines, 
receives at Rickmansworth the waters of the river Gade. The 
Gade is, therefore, an affluent of the river Coin ; but as it does 
not flow directly into the Thames, it does not form an affluent 
of that river, but, in common with all streams of similar 
character, can only be considered as a tvUmtarjf of the main 
stream. 

In some instances two rivers unite their streams, and the 
names of both are lost in a new appellation ; thus forming what 
are termed confluent streamsf. Of this arrangement we also 

♦ From to flow towards. 

+ From to flow with. 
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meet with an instance in the river-system we are considering ; 
for we need scarcely remind the reader that the Thame and 
Isis unite their waters, and after their junction the stream 
bears the name of Thames. 

The noble Thames, and all his goodly traine; 

But him before there went, as best became, 

His anncient parents, namely, th’ auncient Thame, 

But much mure aged was his wife than he, 

The Ouze, whom men do rightly Isis name ; 

Full weake and crooked creature seemed shee. 

And almost blind though eld, that scarce her way could see. 

It thus appears that the Thames exhibits all the different 
conditions of a system of rivers. It is a confluent stream, formed 
by the junction of the Thame and Isis; and under the name of 
the Thames, becomes the recipient of numerous other rivers. It 
also possesses both affluents and tributariesy the former directly, 
and the latter remotely, adding their stores of water to its 
stream, and contributing to render it, for the purposes of navi- 
gation, one of the finest rivers on the globe : a circumstance to 
which the great metropolis on its banks owes its vast commer- 
cial importance. The number of affluents flowing into the 
river Thames is about twenty ; and its tributaries are very 
numerous. This river thus forms the drainage of a district of 
country, the superficial extent of which is estimated, as we 
have before seen, at about 6000 square miles. 

It will be evident that the velocity of rivers must, in a 
great degree, depend on the physical constitution of the country 
in which they derive their origin, and which they traverse ; 
and also on the nature of the soil through which they pass. 
They are, therefore, subject to varying conditions, changing 
with every irregularity of their channels, though, like all other 
departments of nature, governed by well-defined laws. Of 
these some notice has already been taken, whilst considering 
the natural flowing of water. 

The river Thames takes its rise at an elevation of only a 
few hundred feet above the level of the sea ; and since its whole 
course lies through a comparatively flat country, it presents no 
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instances of torrents, waterfalls, or rapids; a circumstance, 
however, which renders this stream peculiarly adapted for the 
purposes of navigation. The Ml or slope in the Thames is 
nearly uniform, being on an average about twenty-one inches 
per mile; but there are places where the fall varies from nine- 
teen to thirty-two inches per mile. In such localities, some 
difference of velocity will imdoubtedly occur; but the mean 
velocity of the Thfunes is estimated at about two miles an 
hour. The course of the river is very tortuous, it being thus 
lengthened to nearly double the distance in a straight line from 
the source to its mouth. The river is navigable for large ves- 
sels, as frr as London, and for barges to Lechlade, the distance 
from the latter place to Sheemess being 204 miles. The velo- 
city of the Thames being thus moderate and uniform, and the 
river free from rapids and cascades, and also passing for a con- 
siderable part of its course over a bed of clay, its waters do not 
become charged in any great degree with earthy or saline 
matter. Its numerous windings likewise tend to arrest the 
progress of any foreign ingredients down the stream ; and all 
these circumstances united, are of great utility in maintaining 
the river in its present condition, to which the configuration 
and nature of the coast at its embouchure also greatly contri- 
butes. The result of these various conditions is of vast import- 
ance, for the consequence is, that ships of the largest size meet 
with no impediments from sand-banks or shoals in the entrance 
to the river, and thus the largest merchant-vessels, and the 
largest men-of-war, are capable of approaching the great city ; 
and the river Thames, below bridge, presents in its forest of 
masts a scene no less striking than gratifying to all who feel 
interested in the welfare and prosperity of the British nation. 

The river Thames, though of such importance, and pos- 
sessing so many advantages for navigation, is, nevertheless, a 
very small stream, when compared with the mighty rivers 
which traverse the continents, whether in the Old or in the 
New World. The greater number of large rivers have their 
origin among very elevated mountain-ranges or high table 
lands ; but instances occur of mighty rivers taking their rise in 
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comparatively low districts. Thus the Volga, which is the 
largest river of Europe, and has a course of above 2000 miles^ 
derives its source from the lake Temoff, in the province of 
Rukof, a district, the most elevated part of which does not 
exceed 1100 feet above the level of the sea, but which forms 
the water-shed, not only of the basin of the Volga, but also 
of that of the Dwina, which falls into the Baltic, and that of 
the Dnieper, which enters the Black Sea The Mississippi, 
again, which is a yet larger stream, originates in a tract, the 
elevation of which does not exceed 1600 feet ; and this forms 
the water-shed of the rivers which flow from thence into the 
Arctic Ocean, and also of those which enter the Atlantic by 
the channel of the great Canadian lakes, and the river St. 
Lawrence. Rivers of this description generally flow with a 
moderate velocity, and are frequently navigable throughout 
their whole course. Such is the case, both with the Mississippi 
and also with the Volga, the ancient Rha, which latter river thus 
becomes of the utmost utility to Russia, not only on account 
of the facility this river affords for water-carriage, but also as 
it has presented the means of reducing and keeping in subjec- 
tion the different tribes inhabiting its borders. The ordinary 
velocity of the stream does not much exceed one mile per 
hour ; but in the spring, after the melting of the snows, the 
velocity is increased to three miles an hour. 

Large rivers, however, as already remarked, most generally 
have their origin in elevated districts, and in their descent from 
their sources great variations usually occur in the nature of 
the country through which they pass, and consequently in 
the velocity with which they flow. The course of a mighty 
river of this class has been so prettily compared by Pliny to 
the life of man, that we cannot forbear adorning our pages 
with the elegant simile. *‘The river springs from the earth, but 
its origin is in heaven. Its beginnings are insignificant, and 
its infancy frivolous; it plays among the flowers of a meadow; 
it waters a garden, or turns a little mill. Gathering strength 
in its youth, it sometimes becomes wild and impetuous. 
Impatient of the restraints it meets with in the hollows among 
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the mountains, it is perhaps restless and turbulent, quick in its 
turnings, and unsteady in its course. In its more advanced 
age, it comes abroad into the world, journeying with more 
prudence and discretion, through cultivated fields; and no 
longer headstrong in its course, but yielding to circumstances, 
it winds round what would trouble it to overcome and remove. 
It passes through populous cities, and all the busy haunts of 
man, tendering its services on every side, and becoming the 
support and ornament of the country. Now increased by 
numerous alliances, and advanced in its course, it loves peace 
and quiet, and in majestic silence rolls on its mighty waters, 
until it is laid to rest in the vast abyss.” 

Large rivers, which take their rise in mountainous districts, 
and which traverse a considerable extent of country before 
they unite their waters with those of the ocean, are usually 
considered as forming three distinct parts, or divisions, which 
are distinguished as their upper, middle, and lower courses; 
under which separate heads it will be desirable to consider some 
of their more remarkable features. 

The Upper course of a river of this class, comprises the part 
lying within the mountain region in which it takes its rise. 
The source is mostly at a great elevation above the sea; and 
the waters flow with a greater or less degree of velocity, accord- 
ing to the inclination or slope of the declivities along which 
their course lies. When the latter are very steep, the current 
of the river flows with great velocity, and presents a series of 
rapids and cataracts; the former being caused by a continued 
slope in the bed of a river ; and the latter by the occurrence of 
sudden and precipitous rocks, over which the water falls with 
a greater or less descent. When such falls are of an impetuous 
character, they are usually called cataracts; when more gentle, 
they are termed cascades. 

The mountains which constitute the banks of the upper 
course of such a river, occasionally rise almost precipitously 
to the height of two or three thousand feet above its bed, so 
that the stream, instead of flowing through a valley, cuts ita 
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way through a narrow cleft, or ravine ; and in such situations^ 
the water frequently runs over bare rocks, without the small- 
est covering of earth. The course of the river is generally in a 
straight line ; but sometimes it makes short and abrupt bends, 
which form acute angles. In the latter case, it has been observed 
that the mountains which enclose the stream almost invariably 
correspond so closely on either side that they present the 
appearance of having been rent asunder by some great convul- 
sion of nature. Although on a very small scale, we find an 
instance of such a cleft, or ravine, in [the water-fall of Pculer 
Phocay in the county of Wicklow. We also meet with a 
similar zigzag cleft, in the upper course of the river Danvhe. 
In the latter instance the river completely doubles itself, sud- 
denly and rapidly wheeling round the projecting mass of rock, 
and entering a defile, the romantic and awfiil beauty of which, 
according to Mr. Planche, surpasses all description. Enormous 

crags piled one upon another, to the height of from three to 
four hundred fathoms, their weather-blanched pinnacles start- 
ing up amid black firs and tangled shrubs, which struggle to 
clothe each rugged pyramid from its base to its apex, form the 
entrance to this grand and gloomy gorge, through which the 
mighty stream boils and hurries, winding and writhing, till at 
length you become so utterly bewildered, that nothing but a 
compass can give you the slightest idea of the direction of its 
course.” Instances of similar clefts are met with in the 
southern declivities of the Alps, through which the upper course 
of some of the Italian rivers extend. They are also very 
numerous among the Andes, especially in their western slopes ; 
and it has been supposed that the term quebraday or “broken,” 
which is applied to the latter ravines, has reference to their 
peculiar character, and that it was bestowed on them by the 
Spaniards, on account of the impression which naturally sug- 
gests itself of their having been caused by some violent disrup- 
tion of the mountains in which they occur. 

We dso meet with an instance of a similar cleft, in the large 
river Thlew-ee-chohy or BaxPa river y which takes its rise in 
Sussex Lake, and frUs into the Arctic Ocean. This rivers 
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throughout its whole coui*se, presents all the characteristics of 
a mountain stream. Having passed through a series of lake% 
it cuts its way through a mountain range, and flows through 
another lake from which it issues by a series of cascades extend- 
ing for a mile and a half, and having a descent of sixty feet. It 
then rushes with fury between four granite mountains, which 
like immense flood-gates divert its course, and cause it to turn 
directly northwards. The stream, so lately pent up in this 
narrow gorge, now becomes from half a mile to a mile wide, 
and presents a succession of whirlpools and rapids of the most 
fearful description. It then passes through another lake, and, 
having taken a leap down a steep precipice, terminates its hur- 
ried career in the Arctic Ocean. 

The river Thlew-ee-choh, however, can scarcely be con- 
sidered as belonging to the class of rivers to which our attention 
is at present directed; for though it presents the characteristics 
of a mountain stream, it has, properly speaking, no middle or 
lower course. To return, therefore, to our more immediate 
subject. We generally find, in the upper course of a river, 
that the descent of the whole mass is not by a nearly regular 
slope, but that it usually consists of an alternation of plains 
and declivities; and it generally happens, that though the 
rocky banks are sometimes in near conjunction, so as scarcely 
to allow for the passage of the waters, in others they recede to 
a greater or less distance from the river, thus forming a basin, 
or valley; and as the inclination is usually not of so great 
amount in such localities, the stream flows with a compara- 
tively slow pace, and consequently a deposition takes place, not 
only of the larger boulders, or masses of rock, which it may 
carry down with it,but also of sedimentary matter. In valleys of 
this description, the river accordingly flows over a pebbly bed, 
whilst, owing to occasional inundations, which spread the finer 
particles over the adjacent ground, good soil is formed, and the 
land usually becomes adapted for cultivation. 

The alternating defiles, or narrows^ as they are termed, 
mostly appear to have been formed by the action of the water 
in forcing its way through some rocky barrier, which inter-^ 
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cepted its onward progress; these usually have a considerable 
declivity, so that the channel of the river presents a series of 
rapids and cataracts, and the stream rushes down with extreme 
velocity. 

Some of the rivers which descend from the Central and 
Eastern Alps, afford striking instances of such alternations of 
narrow passes and spreading valleys. The river Reuss^ which 
is a tributar}^ of the Rhine, (being an affluent of the Aar,) may 
form our example. This river rises in the St. Gothard group 
of mountains, at the elevation of more than 7000 feet 
above the sea-level. Having so great a height from which to 
descend, it forms numerous rapids and cataracts in the early 
part of its course. It rushes with almost incredible velocity, 
through the ravine of the Hospendal, and falls no less than 
1800 feet before it reaches the basin, or valley of the Ursem. 
Across this valley, the surface of which is nearly level, the 
river flows with a gentle current. At the northern extremity 
of this little valley, however, the Reuss enters a second defile, 
called the Narrow of Umerloch. This narrow, which is about 
three miles in length, is extremely contracted, and in this con- 
fined channel the river descends 1074 feet, forming a series of 
small cataracts. After some further alternations, this river 
passes through the lake of Luzern, so greatly celebrated for 
the picturesque beauty of its scenery, and ultimately joins the 
Aar, near Brugg. 

The river GoUmhia, or Oregon^ which takes its rise in the 
Rocky Mountains, and frlls into the Pacific Ocean, though it 
may not present an example of so rapid a descent as some of 
the mountain streams of the Alps, affords perhaps one of the 
most striking instances known to exist of a mighty body of 
water rushing through a contracted channel. After its junc- 
tion with its affluent, the Lewis river, the Colombia at first 
expands to a width, varying from one to three miles. In 
some parts, especially where it attains its greatest width, the 
river passes over a plain of some extent, whilst in others, this 
broad and splendid river forms rapids, (locally termed chutes^) 
and even cataracts of some height. The river, which, as we 
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have just seen, expands to a very considerable width, subset 
quently arrives at a rocky defile, forming, perhaps, one of the 
most remarkable narrows, or rapids, on the face of the globe. 
The channel of the river is here contracted to the width of 
150 feet; and through this gorge, the whole body of this 
mighty river rushes with great velocity. Through this tre- 
mendous pass, nevertheless, did Captain Lewis and his party 
venture down in their canoes, and also arrived at its termina- 
tion in perfect safety. The vast volume of the water, of 
course, tends to increase the velocity of the current ; but is not 
without its utility. Were the water less deep, the stream 
would toss itself in foam and fury over the rocky bed, and 
navigation would be wholly intercepted. Owing to the great 
depth of the water, however, the surface is quite smooth, so 
that this rapid may be passed in comparative security, and the 
downward navigation of the river is not wholly intercepted. 
On issuing from this narrow, the Colombia once more expands 
its waters, and after having flowed across a comparatively level 
country, ultimately enters the ocean by a mouth more than 
four miles in width. 

Though by no means exclusively, it is chiefly among the 
mountainous districts which form the upper courses of rivers 
that cataracts are met with. In a country so comparatively 
level as South Britain, waterfalls of any magnitude are of rare 
occurrence; and the only cascade claiming notice in the 
southern counties of England, is one in the small river Lyd. 
This river is an affluent of 

The Rpeedy Tamar, which divides 
The Cornish and the Devouish confines, 

Through both whose borders swiftly down it glides, 

And meeting Plim, to Plimmouth thence declines. 

The beautiful and 'picturesque waterfall, above alluded to, 
which is called Lydford ccdaract^ has a fall of nearly 100 feet. 

In the northern counties, cascades are more numerous. In 
some parts, they are locally termed forces. Such are Hardrow 
Forccy Whitfield Gill Force, and Mill Gill Force, all of which 
occur in a small river, which joins the Yore, or Ure, near 
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Askrigg, in Yorkshire. In the fine cataract, called HardroW 
Force, the stream precipitates itself over a ledge of rocks, 99 feet 
in height, after which it rushes through a narrow, or ravine, 
900 feet in length; and scarcely has it emerged from this 
chasm, ere it forms the two other forces, or cascades, above- 
mentioned. In the same vicinity, the river Ure also forms a 
fine cataract, called Aysgarth Force^ where the river pours its 
whole waters over an irregular ledge of rocks, thus forming a 
series of waterfalls, dashing down amid rugged masses of rock, 
and bordered by beautiful and richly wooded cliffs. Near 
Ingleton, in the same county, we met with a cascade of 
more remarkable character, consisting of a subterranean water- 
fall, formed by the river Weare^ which here passes through a 
cavern, called the Cave of WethercoU This cavern is about 
180 feet in length, and 90 broad; its depth being about 
100 feet. It is divided into two parts, by a natural arch in 
the limestone rock. Within this cavern, the stream issues 
from a large aperture, falling in an unbroken sheet of water, 
and with a deafening noise, to the depth of 75 feet, when it 
disappears, and pursues a subterranean course for nearly a 
mile. Other caverns of similar character, also containing sii 
terranean cascades, occur in the same immediate vicinity ; anv 
about three miles from Ingleton, the river Weare forms a 
beautiful cataract, called Thornton ForcCy which has a fall of 
about 90 feet in one sheet of water, 16 feet in width. 

Waterfalls are of frequent occurrence in Westmoreland and 
Cumberland, mountain torrents in many parts rushing down 
the steeps, and forming beautiful and highly picturesque cas- 
cades. Among these may be more particularly mentioned 
SkelwUh and ColwUh Forcesy near Langdale, Scale ForcCy and 
Sour Milk ForceSy in the vicinity of Buttermere, and the Fall 
ofLodorey at Borrowdale; the latter of which has been celebrated 
in a lively strain by the poet Southey : 

Here it comes sparkling, 

And there it lies darkling, 

♦ ♦ ♦ * * 

And spreading and threading. 

And whizzing and hissing. 
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And dripping and skipping, 

And whitening and brightening, 

• • ♦ * ♦ 

Dividing and gliding and sliding, 

And grumbling and rumbling and tumbling, 

« » * * * 

Delaying and straying and playing and spraying, 

Advancing and prancing and glancing and dancing; 

And so never ending, but always descending, 

I Sound and motion for ever and ever are blending, 

All at once, and all o’er, with a mighty uproar, 

And this way does the water come down at Lodore. 

The largest waterfall in England is, however, that in the 
river TeeSy the volume of water in this cascade being very con- 
siderable. The river is divided in its descent by a projecting 
ledge of rock, but the waters unite before they reach the 
bottom, and fall with much force into the basin below, sending 
up clouds of spray. The wild beauties of the surrounding 
scenery add much to the effect of this fine cascade. 

Wales contains some fine cataracts, especially in the 
mountainous districts lying between Snowdon and Cader Idris. 
Among these, the most remarkable are those in th^ rivers 
Maw, or Mawddach, and Cayne, which are locally termed 
pistils^ The PMl-^-Mawddachy or Cataract of the Mated- 
dachy consists of three successive falls, the respective heights 
being 20 feet, 30 feet, and 20 feet. The Pistil-y-Cayne pre- 
sents a far more magnificent aspect. In the latter, a sheet of 
water pours down a rugged declivity, 200 feet in perpendicular 
height, the sides* of the fall being thickly mantled in trees. 
The stream is received, at the termination of its descent, into 
vast hollows, or basins, which have been scooped out by the 
long-continued action of the water, and firom whence it is 
again thrown up in clouds of foam. 

Scotland contains many picturesque waterfalls. Among 
these are the falls in the rivers Tumel and Brttar^ both 
affluents of the Tay ; the Falls in the Clyde, the Falls of the 
Fyers, the Fall of Glomach, &c. The Fall of the Bruar forms 
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the subject of a poem of Bums, in which he makes the cascade 
thus express itself: 

Here, foaming down the shelving rocks, 

In tM’isting strength I rin ; 

There, high my boiling torrent smokes, 

Wild roaring o'er a linn; 

Enjoying large each spring and well, 

As nature gave them me ; 

I am, altho' I say't mysel, 

Worth gaun a mile to see. 

Owing to the tortuous route it pursues, the river Clyde 
does not present the characteristics of a mountain stream in the 
early part of its course; but after its junction with the 
Douglas Water, or river, it assumes an impetuous character, 
being precipitated over a succession of cataracts. The first 
fall, which is near Bonnington^ does not exceed 30 feet ; but 
the magnificent Fall of Cora Linuy which succeeds it, has a 
perpendicular descent of 70 feet. Four other falls subse- 
quently occur, after which the river acquires the tranquil 
character which so well adapts it for inland navigation, and for 
the channel of an extensive commerce. The celebrated FcUla 
in the small river Fk/erSy or FqgerSy consist of two cataracts, 
called the Upper and Lower Falls, and having an interval of 
about half-a-mile between them. The Upper Fall is divided 
into tliree cascades, whose united height amounts to 200 feet, 
the river in this part being confined between steep rocky banks. 
The Lower Fall is on a grander scale; the Fyers in this spot, 
after dashing through a narrow rocky channel, suddenly 
precipitating itself over a cliff 212 feet in 'height; and the 
combination of bare and rugged rocks with the descending 
water, and wdth beautifully wooded heights, where the graceful 
foliage of the birch prevails, gives rise to a very striking and 
picturesque scene. The most stupendous cascade in Scotland is, 
however, the Fall of Glomach, in the county of Ross. This is 
formed by the Girsac, and is situated at the head of a wild 
glen, where the river is precipitated in one unbroken fall of 
more than 300 feet. 
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Ireland contains some fine waterfalls, among which the 
most remarkable are the Rapids in the Shannon, and the Fall 
of Powerscourt. The Rapids in the river Shannon^ near Castle 
Connel, in the county of Limerick, form a considerable obstacle 
to the safe navigation of the river, but present a highly 
picturesque natural object. 

The Fall of Powerscourt^ which is formed by the river 
Dargle, is situated in the county of Wicklow, and when the 
river is full, presents a grand appearance*. The stream pre- 
cipitates itself over a nearly perpendicular cliff, 300 feet in 
height, and falls into a natural basin or reservoir, encircled by 
rocky masses of considerable magnitude, whilst the whole 
scene is backed by mountains. This fall exhibits rather a 
singular phenomenon in the different degrees of velocity with 
which the water descends in different parts of the cascade. 
Thus, on one side, the water may be observed to pour down 
with considerable velocity, whilst, on the other side, the fall in 
the upper part presents the appearance of a continued stream 
of frothy foam, gliding slowly down the face of the cliff, 
though the lower part moves with greater velocity. This 
circumstance is, however, readily accounted for, being, in fact, 
mainly attributable to the comparatively small body of water 
which forms the cascade. The water on the one side, that 
which descends with the greater velocity, (and this forms by 
fer the largest portion of the cascade,) meets with no inter- 
ruption in its descent, but falls almost from the very top to the 
bottom, in an unbroken sheet. On the other side, however, 
the cliff in the upper part deviates from the perpendicular; 
and the consequence is, that, owing to the slope or inclination 
of the rock over which it flows, the progress of the water is 
checked in that particular part, though lower down, "where the 
cliff is again perpendicular, it regains its velocity. If the 
body of water in this cascade were greater, this phenomenon 
would not occur ; for, in that case, not only would the whole 
body rush down with greater velocity, but the depth or 
volume of the stream would overcome these inequalities, and 
*1^ See Frontispiece. 
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a uniform surface thus be presented, as we have before seen 
takes place in rapids, when the volume of water is great. A 
beautiful rainbow is occasionally displayed on the spray of this 
waterfall. It is, however, only visible on summer mornings 
between hve and six o’clock. The prismatic colours are said to 
be vividly exhibited. 

The mountainous character of Sweden and Norway causes 
the greater number of the Scandinavian rivers to assume the 
character of mountain torrents throughout nearly their whole 
course ; and hence, it not unfrequently happens that cataracts 
are met with very near the mouths of these rivers. Thus, the 
celebrated Coitaract in the river Dahly in Sweden, occurs not far 
from the embouchure of that river, in the Gulf of Bothnia ; 
and the Ghmmen Elfy or wer, besides numerous other water- 
falls and rapids, forms the Sarpe FosSy which has a fall of sixty 
feet, at the distance of not more than ten miles from its 
mouth. 

Cataracts are very numerous among the mountain masses 
of the Alps*. Among the most celebrated are those in the river 
Reussy including that spanned by the so-called DemVs Bridge; 
the Ca/taract of Stauhbachy near Lauterbrunn, in the canton of 
Berne, which has a descent of above 1000 feet ; the numerous 
cataracts in the impetuous river ArvCy among which the most 
remarkable is that called the Nun of Arpemy said to have a 
fall of at least 1100 feet ; the Catarewt of Ceresoliy that of 
Evansony &c. &c. The Falls of Schauffhauseuy or LaufeUy in 
the river Rhine, although they yield to the above-mentioned 
cataracts in the depth of their descent, which does not exceed 
seventy feet, far surpass them both in their volume of water, 
and in their breadth, the Rhine in this part having a width 
of 450 feet. A projecting mass of rock, situated nearly mid- 

* The waterfalls in this region are thus forcibly alluded to by Lord Byron 
in his Journal. ‘'Arrived at the foot of the Jungfrau Glacier .‘-^torrents,— 


one of them 900 feet visible descent ! . . . . the torrent is in shape 

curving over the rock like the tail of a white horse : It is neither 


mist nor water, but something between both. Its immense height gives it a 
wave, a curve, a spreading here, a condensation there. Wonderful! inde- 
scribable ! " 
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way in the river, divides the falling stream into two parts, but 
owing to the great volume of water it soon again is united, 
and falls to the bottom in one broad sheet. With such force 
does the river rush dovm the fall, that the spray is thrown up 
from the rocky basin which receives it, to a very considerable 
height, forming a dense white mist or cloud, which obscures 
the prospect, and thoroughly wets the bushes and rocks on 
the banks of the river, and which, when the sun’s rays fall 
on it, is adorned with a beautiful display of the prismatic 
colours. 

The rivers which have their sources among the Pyrenees^ 
also form many fine cataracts in their upper courses. One of 
the most remarkable of these, on account of the splendid 
scenery by which it is encompassed, occurs near the source of 
the 6ra©e, or river Pau. Let the reader picture to himself 
an amphitheatre of solid rock, the walls of which rise perpen- 
dicularly to the height of more than 1500 feet, terrace above 
terrace, and surmounted by gigantic columns, 1000 feet in 
height, also consisting of solid rock, but the capitals of which 
are formed by the coronets of snow which never quit their 
summits. In this remarkable and sublimely grand spot, 
rushes down the cataract which forms the source of the Gave 
de Pau. No other cataract in Europe,” observes Mr. 
Murray, " is equal to it ; and no other portion of European 
scenery can be compared to that which forms its birth-place.” 

In Italy, the most celebrated waterfalls are those of Timli, 
and that formed by the river Velino, The Cascades of Tivoli 
are formed by the river Anio, or Tiverone, which, after having 
glided gently through the town of Tivoli, reaches the edge of 
a precipice, over which it throws itself in two broad sheets, 
amidst scenery rarely equalled in picturesque beauty : rocky 
masses, worn into a thousand shapes by the abrasion of the 
falling water ; cliffs fringed with shrubs, and mantled with 
luxuriant woods, and (thus combining the richest works of 
art with those of nature) crowned with the beautiful remains 
of the temple of the sibyl Albunea. In the same immediate 
vicinity, the Anio forms three other cascades of smaller size, 
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called the CascatelU^ not less celebrated than the preceding for 
their beautiful scenery, and adorned with the ruins of Mecenas’ 
villa. The splendid Waterfall of Velino is formed at the junc- 
tion of the river Velino with the Nera, near Temi. About 
three miles above Terni, the channel of the Velino becomes 
contracted and inclined ; and the impetuous river, after rushing 
down this confined and sloping channel, terminates its course 
by a precipitous leap of 300 feet. 

From tJie headlong height 
Velino cleaves the wave- worn precipice. 

The water dashes down in several streams, and coming in con- 
tact with the marble rocks, of which the bed of the river is 
formed, (and to which it owes its name of the Casoata del 
Marmore, or the Marble Cascade^ the spray is thrown up to a 
considerable height, falling again, like a perpetual shower of 
rain, on the neighbouring valley. 

It mounts in spray the skies, and thence again 
Returns in an unceasing shower, which round 
With its unemptied cloud of gentle rain, 

Is an eternal April to the ground, 

Making it all one emerald. 

The volume of water rushing down this fall, united with its 
great perpendicular descent, renders it a very imposing 
object; and Lord Byron, who describes it in prose as well as in 
verse, speaks of the waterfall of Velino as worth all the cas- 
cades and torrents of Switzerland put together.” And, (to cite 
one more passage from the noble poet,) calls it 

A matchless cataract! 

Horribly beautiful t — But on the verge, 

From side to side, beneath the glittering mom 
An Iris sits amid the infernal surge. 

Like Hope upon a death bed ! 

Among the most remarkable waterfalls of Asia^ may be 
mentioned the Fall of the riv&r Pahur^ a tributary of the 
Ganges, and the CatarcLct of the river Shirawati^ in the province 
of Canara, in the south of India. The river Pabur takes its rise 
amid the lofty peaks of the Himalaya mountains, whose giant 
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forms are in this part displayed in all their grandeur. At the 
elevation of about 12,900 feet above the sea-level, the river bursts 
from its bed of snow, which greatly resembles, though on a 
far lai^er scale, the glacier which forms the source of the 
Rhone among the Alps of Switzerland. The Pabur rushes 
down with great rapidity from this lofty height, and, in 
its downward course, becomes the recipient of numerous 
affluent streams, which also have their sources among these 
magnificent snow-clad mountains. At one point, several small 
rivers unite, and form a splendid cataract. The stream, rush- 
ing over a solid wall of rock, makes only two shoots down to 
the bed of the Pabur, a distance of about 1500 feet; the 
upper shoot being the longest. At first the waters continue 
in a tolerably compact mass, but subsequently they are sepa- 
rated into white foam, and at a lower elevation they become 
so scattered that even this almost disappears, so that at the 
distance of half a mile no traces of the mass of water are 
visible. At a great depth below the scattered drops again 
unite, and the water re-appears, only, however, to make a 
second shoot, and to terminate its course in the bed of the 
river Pabur. The Cataract m the river ShirawaZi is described 
as exceeding in beauty and sublimity any waterfall hitherto 
known to Europeans.’* The country, at the distance of about 
three miles from the cataract, presents the richness of tropical 
vegetation, both in its natural state, and under cultivation. 
The river breaks suddenly on the view, and, passing over huge 
blocks of granite, the traveller arrives at the brink of a fearful 
chasm, rocky, bare, and black, down which he may look to 
the depth of 1000 feet. The bed of the river is a quarter of 
a mile in width; though, owing to the elliptical form of the 
rocks constituting the facade, or edge of the precipice, the 
extent of the fall is much increased, it thus having a sweep of 
about half a mile, and forming what is usually termed a hrrse- 
ihm waterfall In the rainy season, the river is considered to 
have a depth of about thirty feet at the fell ; and this body of 
water rushes in a sheet of white foam, at first over a slope 
At an angle of 45^, for the distance of about 300 feet, and 
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is then precipitated to the depth of 850 feet more into a black 
abyss, with a thundering noise. The whole depth of this 
magnificent cataract is therefore 1150 feet. 

In no part of the globe are cataracts more numerous than 
in the New Woridy whether we direct our attention to the 
northern or southern portions of that vast continent. We 
have already considered the character of the Thlew-ee-choh 
river, with its numerous cascades and rapids. Its near neigh- 
bour, Hood’s river, much resembles it in this respect, and con- 
tains the splendid cataract called Wilberforce FalUy which 
affords a fine example of a double water&ll, and which is 
described as one of the most magnificent objects in nature. 
The upper fall has a height of about sixty feet ; the lower at 
least 100 feet : “ but,” observes Captain Franklin, “ perhaps 
considerably more ; for the narrowness of the chasm into 
which it falls prevented us from seeing its bottom, and we 
could merely discern the top of the spray from beneath our 
feet. The lower faU is divided into two by an insulated 
column of rock, which rises about forty feet above it. The 
whole descent of the river at this place probably exceeds 
260 feet.” The walls of the chasm into which the river preci- 
pitates itself are upwards of 200 feet high, quite perpen- 
dicular, and in some parts only a few yards apart. The river 
flows through this remarkable chasm for upwards of a mile. 

Cataracts sometimes occur in districts which are not moun- 
tainous, and which are comparatively level, above as well as 
below the fall, but having an abrupt descent in that particular 
locality. Of this we meet with numerous instances in the 
eastern districts of North America, not only in the stupendous 
cataract of Niagara, but also in the numerous rivers which take 
their rise in the Alleghany Mountains and flow into the At- 
lantic Ocean. In the latter region a ledge of rocks extends 
from north to south, giving rise to waterfalls or rapids in the 
greater number of these streams. Such are the Falls of the 
Passaic at Patterson, those of the Raritasi near New Bruns- 
wick, of the river Millstone near Princetown, the Delaware at 
Trenton, the Schuylkill near Philadelphia, the Brandywine near 
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Wilmington, the Patapseo near Baltimore, the Potomac f^t 
Georgeto'wn, the Rappahanock near Fredericksburg, the Jcma 
River at Richmond, the Munford Falls on the Roamkcy the 
Neure at Smithfield, the Cape Fmr River at Averysboro, the 
Wateree near Cambden, &c., &c. 

The magnificent Gataracsl of Niagara is formed by the river 
which receives the accumulated surplus waters of the four 
great upper lakes,— Superior, Michigan, Huron, and Erie, — 
and which conveys them into Lake Ontario ; the difference in 
the level of the two lakes being 330 feet. The river Niagara, 
when it issues from Lake Erie, is about three-quarters of a mile 
in width, but, before reaching the falls, expands to the width 
of a mile, and is in this part of its course propelled with great 
rapidity, being about twenty-five feet deep, and having a de- 
scent of fifty feet in half a mile. At the very verge of the 
cataract, an island, having a width of about 1500 feet, divides 
the stream into two sheets of water, thus forming two distinct 
falls. One of them, called the Crescent^ or Horseshoe Fally has 
a width of 1800 feet, and 158 feet perpendicular descent; the 
other, called the American Folly is about 600 feet wide, and 
164 feet in height. The noise, tumult, and rapidity, of this 
felling sea, the clouds of foam, the vast volumes of vapour, 
which rise into the air, the brilliancy and variety of the tints, 
and the beautiful rainbows which span the abyss, the lofty 
banks, and dense woods, which surround this wonderful scene, 
are described by travellers as surpassing every similar phe- 
nomenon, ’Tis a grand spectacle,— it’s the voice of nature in 
the wilderness, proclaiming to the untutored tribes thereof, the 
power and majesty and glory of God. It is consecrated by the 
visible impress of the great invisible Architect. It is sacred 
ground — a temple not made with hands. It cannot be viewed 
without fear and trembling, nor contemplated without wonder 
and awe. He who appeared of old to Moses in a flame of fire 
in the bush, and the bush was not consumed, appears also in 
the rush of the water, and the water diminishes not.” 

The noise produced by this mighty rush of water, is said to 
resemble that of the discharge of a thousand pieces of ordnance ; 
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it is also said to be heard, and the clouds of vapour to be seen, 
at the distance of thirty or forty miles from the spot. The 
Crescent, or Horse-shoe Fall, descends in a mighty wave of sea- 
green hue ; the other, being broken into foam by projecting 
rocks, assumes the appearance of a sheet of molten silver. The 
channel of the river becomes contracted immediately below the 
fells; and it is a remarkable fact, that in this spot, directly at 
the foot of this immense rush of waters, a small boat can cross 
the stream with safety. This is accounted for by supposing 
that the confluence of the two descending masses of water, 
which meet at a considerable angle, tends mutually to neu- 
tralize the opposing forces. It is also supposed that, owing to 
the amazing force with which the cataract is precipitated into 
the bed below, the descending water forms an under downward 
current, whilst a superficial eddy carries the upper stratum of 
water back towards the main fall. 

These falls afibrd a magnificent example of the powerful 
action of running water in destroying and removing rocks. 
This great sheet of water is precipitated over a ledge of hard 
limestone, which forms the upper stratum, and beneath which 
are beds of soft shale. The latter crumbles away more rapidly 
than the former, and thus the limestone rock is undermined, and 
forms an overhanging mass, projecting forty feet or more beyond 
the hollow space beneath. Being thus left without foundation, 
the calcareous rock falls from time to time in huge masses, 
and the bed of the river below the falls is strewed over with the 
huge fragments which have been hurled down into the abyss. 
By the continual wearing away and destruction of the rocks, 
the fella have receded about a hundred and fifty feet within 
the last forty years; and according to Mr.Lyell, “there appears 
good foundation for the general opinion that the falls were once 
at ftueenstown, (or rather, perhaps, the spot where Queenstown 
now stands,) and that they have gradually retrograded from 
that place to their present position, about seven miles distant.” 

The river Montmorenci, an affluent of the St. Lawrence, 
which river it joins about nine miles below Quebec, presents 
all the characteristics of a mountain torrent throughout its 
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whole coarse, exhibiting a series of rapids and waterfalls, In- 
cluding two magnificent cascades, and passing amid the most 
varied and beautiful scenery. The great Fall of the Mont^ 
morend is described as a singularly striking and beautiful 
natural object. It certainly bears no comparison to the Falls 
of Niagara in magnitude, or in the mass of its waters, the 
stream not having a width of more than 100 feet; but the 
extremely beautiful foliage of the ample woods with which it 
is fringed, the broken rocks that surround and intersect its 
channel, and the singular beauty of the rushing waters, which, 
^r hurrying down an inclined channel, are precipitated to the 
depth of 240 feet in perpendicular height, combine to render it 
a more lovely, though less imposing scene. In the winter, this 
cataract presents a curious and beautiful phenomenon, in the 
form of a pyramid of ice, 150 or 200 feet in height, caused by 
the settling and gradual accumulation of the foam and spray on 
a large mass of ice in the basin immediately in front of the fall. 

The river Missouri contains a splendid series of waterfalls, 
called the Falls of the Missouri^ which are said almost to vie 
in grandeur with those of Niagara. These falls extend over a 
distance of nearly twelve miles, presenting a succession of rapids 
and cascades, including two of considerable depth, and termin- 
ating in one of the most magnificent and picturesque cataracts, 
even in this land of waterfalls. The river at this place is 900 
feet in width, and rushes between perpendicular rocks, not less 
than 100 feet above the surface of the stream. The cataract 
has a &11 of upwards of 80 feet perpendicular height, and, 
owing to the state of agitation into which the water is thrown 
by the previous cascades and rapids, it rushes down with 
extreme turbulence and rapidity. On one side of the cataract, 
the water pours down in a smooth and even sheet, having a 
width of about 300 feet ; on the other side, however, where it 
has a width of 600 feet, the water in its rapid descent dashes 
against irregular and projecting rocks, by which it is broken 
into snow-white foam, thus causing this portion of the fall to 
present a singularly splendid appearance. The spray is some- 
times scattered in all directions; sometimes thrown up in high 
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columns, and sometimes collected into large clouds, which the 
sun adorns with the prismatic colours. 

The rivers of Mexico abound in cataracts. Rushing down 
from its elevated table-land, and, (owing to the structure of the 
country,) reaching the sea after a very short course, they main- 
tain the character of mountain streams throughout their whole 
career. Among these cataracts, the most remarkable is that of 
Regla^ pouring its waters down amid basaltic rocks, fringed with 
noble and beautiful trees; and described by De Humboldt, as 
forming one of the most picturesque spots on the face of the globe. 

South America affords us some very fine examples of moun- 
tain torrents and of cataracts. The celebrated Cataract of 
Tequendama may be more particularly mentioned. This stu- 
pendous wateifall is formed by the river Bogota, an affluent of 
the Madelena. The Bogota, after expanding to a considerable 
width, subsequently enters a narrow^ defile, not more than forty 
feet wide ; and after pursuing its course through this contracted 
channel for a short distance, the river precipitates itself, at two 
bounds, to the depth of 574 feet. “ Independent of the height 
and size of the column of water,” observes M. de Humboldt, 
in describing the Cataract of Tequendama, ‘‘ of the character of 
the landscape, and the aspect of the rocks ; it is the luxuriant 
form of the trees, and herbaceous plants, and their distribution 
into groups, or into scattered thickets; the contrast of the 
craggy precipices with the freshness of vegetation, which stamp 
a peculiar character on these great scenes of nature.” 

In the mountainous region of Tierra del Fuego, at the 
southern extremity of the New World, we meet with a singu- 
larly grand assemblage of waterfalls and mountain torrents. 
The elevated land in this locality, bordered as it is on three 
sides by the water of the ocean, attracts and condenses an 
unusual amount of moisture, and consequently, rain is almost 
incessant in the lower districts, whilst the more elevated parts 
contain vast accumulations of ice and snow. In a region of 
difflerent character, these vast supplies derived from atmospheric 
moisture, might give rise to large and important rivers ; but, 
bordering as these mountain-ranges do on the very verge of the 
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ocean^ the streams have only a very limited course, and rush 
down the steeps in the form of torrents or of cataracts. This is 
exhibited on a magnificent scale, in a spot, appropriately named 
Paint Waterfall^ situated near the eastern extremity of the 
Gabriel Channel, in the Straits of Magalhaens. At this place, 
an enormous glacier has been formed, twelve or fourteen miles 
in length, which feeds this remarkable group of waterfalls. 

Lo! like a pile of diamonds kright, 

Built on the stedfast dills, the waterfalls 
Pour forth their gems of pearl and silver light; 

They sink, tliey rise, and sparkling cover all 
With infinite refulgence; while their song, 

Sublime us tliunder, rolls the dark dense woods along. 

Within the space of nine or ten miles. Captain King men- 
tions that there are upwards of 350 waterfalls, dashing into 
the Gabriel channel from a height of 1500 or 2000 feet. The 
course of many of these cataracts is concealed at first by 
intervening trees, and when halfway down the descent they 
burst upon the view, leaping as it were out of the dense 
forest. Some unite as they fall, and are together precipitated 
into the sea, in a cloud of foam. So varied, indeed, are the 
forms of these cascades, and so great their contrast with the 
dark foliage of the trees which thickly cover the sides of the 
mountain, that, as Captain King has observed, “ it is impossi- 
ble adequately to describe the magnificence of the picturesque 
effect of this very remarkable scene.” 


CHAPTER XVI. 

RIVERS. — MIDDLE COURSE OP A RIVER.— LOWER COURSE OF 
A RIVER. — DELTAS. — ESTUARIES. 

The Middle and Lower Courses of rivers claim our next atten- 
tion. 

When hilly tracts intervene between the mountain districts 
and the plains, through which the course of a river lie^ these 
may be considered as constituting its Middle Course. 
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See the rivers how they run 
Through woods and meads, through shade and sun, 
Sometimes swift, and sometimes slow, 

Wave succeeding wave they go, 

A various journey to the deep. 

Like human life to endless sleep ! 

Thus is nature's vesture wrought, 

To instruct our wandering thought ; 

Thus she dresses green and gay 
To disperse our cares away 

In hilly districts forming the middle courses of rivers, we 
frequently observe a succession of basins, or valleys, the sur- 
hice of which is usually covered with a thick layer of alluvial 
soil, caused by accumulations of sedimentary matter deposited 
during the inundations of the river, and rendering their locali- 
ties especially adapted for the growth of vegetation. The 
rocks or hills which form the margins of these basins, gene- 
rally recede to some distance from the river, but low ridges of 
rocks connected with those which constitute the lateral mar- 
gins of the basins, are often met with, at greater or less dis- 
tances apart, forming the separation between two snch basins, 
and crossing the bed of the river, usually giving rise to rapids, 
or other disturbances of the stream. Of this species of forma- 
tion, we meet with a remarkable example in the river Z>rcwwc, 
which falls into the Lake of Geneva; the valley through which 
the course of that river lies, consisting of a series of basins, one 
more elevated than another, in each of which occurs a wide 
expanse of level alluvial land, and each of which is separated 
from the succeeding basin by a rocky ledge. Such ridges are, 
indeed, met with in nearly all the principal rivers of Europe. 
Thus, in the Rhine, we find instances of such dividing ridges, 
at Bingen, at Char, and at Andernach. In the Danube, we 
meet with similar rocky ledges in the celebrated and dangerous 
rocks, called the Strvdel and Wirhel, and in those called the 
Demir-Kapi, or Iron Gate. 

The Strudel and Wirbel, in the river Danube, are described 
by Mr. Planchd as consisting of masses of rock and castle, 
scarcely distinguishable from each other, appearing to rise in 
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the middle of the stream. The flood roars and i*ushes round 
each side of them ; and ere you can perceive which way the 
boat will take, it dashes down a slight fall to the left, -strug- 
gles awhile with the waves, — and then sweeps round between 
two crags, on which are the fragments of old square towers 
with crucifixes planted between them. The boat has scarcely 
righted from this first shock, when it is borne rapidly forward, 
towards an immense block of stone, on which stands a third 
tower, till now hidden by the others, and having at its foot a 
dangerous eddy. The boat flashes like lightning through the 
tossing waves, within a few feet of the vortex, and comes 
immediately into still water, leaving the passenger, who beholds 
this scene for the first time, mute with wonder and admira- 
tion. These are the Scy 11a and Chary bdis of the Danube: — 
the celebrated Strudel and W irbel.” The D&nii-Kapi or Iron 
GatCy consists of a ledge of rocks extending across the river, 
seemingly tossed about in wild confusion, and assuming almost 
every kind of form and position. Over these rocky masses, 
the water rushes with great impetuosity, forming a series of 
rapids and dangerous whirlpools, extending for about tliree 
miles, and presenting numerous striking and picturesque 
scenes, but causing a serious obstacle to the navigation of the 
river Danube. 

The rivers of South America also present us with instances 
of ledges of rocks separating these river basins, and giving rise 
to rapids and small cataracts. Thus, in the river Orinoco^ we 
meet with the rapids, or cataracts, called the raudales of May^ 
pures and Atures, The raudale is a peculiar kind of cataract ; 
the great volume of water does not descend at once from a con- 
siderable height, like the Falls of Niagara, nor does it rush 
through a narrow opening between rocks, like the cataract of 
Tequendema, but the bed of the river is divided into numerous 
narrow channels by rocks and rocky islets, between which the 
water runs with great rapidity, fonning a succession of small 
cascades. At the ravdale of MaypureSy the river Orinoco has 
a width of more tlian a mile and a half, and this succession of 
cascades exieucls ior six miles; the higliest of these falls does 

s 
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not exceed nine feet, and the descent in the river is not more 
than thirty feet in the whole six miles, but the force with 
which this vast body of water strives to find a passage for itself 
through these narrow channels, renders it impossible to ascend 
the stream in this locality. The raudale of Atmes is of 
similar character, but only half a mile in length. 

In the basins or valleys which intervene between these 
rocky ledges, or rather in the plains occupying their centres, 
and along which the course of the river lies, it is a remarkable 
circumstance, that the highest ground invariably occurs on the 
very banks of the streams, the land sloping from thence on 
either side. The Mississippi affords an example of such a 
formation on a grand scale. When this mighty river overflows 
its banks, the waters, being arrested in their progress, deposit 
the sediment of mud and sand, with which they are abundantly 
chained. The coarser and more sandy portion is thrown down 
nearest the banks, and consequently a more rapid accumulation 
and growth of land takes place in that part, whilst the finer 
particles are deposited at the farthest distances from the river, 
where an impalpable mixture subsides, forming a rich black 
soil. Hence, in the alluvial plains of the Mississippi, the land 
slopes back like a natural gtads^ (or slanting bank of earth in 
a fortification), towards the cliffs which bound the basin or 
valley through which the river flows ; and, during the annual 
inundations, the highest parts of the banks form narrow strips 
of dry ground, rising above the river on the one hand, and 
above the flooded country on the other. The Mississippi, 
therefore, presents the appearance of a river, running on the 
top of a long ridge, or artificial embankment ; and to adopt the 
words of Captain Basil Hall, in speaking of the appearance of 
this river, near New Orleans, when in its full state, ^^the 
swollen river looked so like a bowl filled up to the brim, that 
it seemed as if the smallest shake, or least addition to it, would 
send it over the edge, and submerge the city. The footpath on 
top of the embankment was just nine inches above the level of 
the river.” 

Rivers of this class rarely run in a straight line, but 
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usually' take a serpentine, or meandering direction. This 
circumstance renders the course of a river much longer than 
if it flowed in a straight line, and consequently the fall, and 
velocity of the current, in a given distance, will be diminished. 
The Mississippi aflbrds a striking example of this character- 
istic of rivers, crossing the plain in a remarkably meandering 
course, and describing immense and singularly uniform curves. 
So regular, indeed, are these curves, or “ bends,” as they are 
locally termed, that the Indians calculate distances by them. 
The river Missouri is equally remarkable for the sinuosity 
of its course. When Captains Lewis and Clarke were pur- 
suing their way up this river, on one occasion, when they 
stopped to take their meridian observations, they found them- 
selves so near the spot where they had made their observations 
on the preceding day, that they sent a man to pace the dis- 
tance over the narrow neck of land, which separated the two 
stations. This jproved to be only 974 yards ; whilst the dis- 
tance by the river was eighteen miles and three quarters. At 
a place called the Great Bendy or Grand Detoury the distance 
across the neck of land was found to be 2000 yards, whilst 
the circuit by the river was no less than thirty miles. 

The Lower Course of a river usually lies through a plain ; 
and generally speaking, no hills occur to form the margin of a 
basin, though in some instances, low ridges separate the valley 
through which the stream flows, from that of some neighbour- 
ing river. The nature of the soil in such situations is usually 
soft, and the waters therefore scoop out a passage for them- 
selves. The banks of a river of this kind are very little 
raised above the surface of the water, and the level character 
of the ground usually extends to a considerable distance on 
each side, whilst, owing to the flatness of the country, the 
fall, or inclination of the river is small, and the cm-rent slow. 
Thus, the surface of the Elbe at Hamburgh, that is, about 
seventy-flve miles from its embouchure, is not more than six 
feet above the sea-level, and the fall in the river very little 
exceeds an inch per mile. 
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The course of the river Amajsonas across the savannahs of 
Brazil affords a yet more striking example of a river possessing 
a small degree of inclination in its lower course. This magni- 
ficent stream, from the narrow at Olydos, where its middle 
course terminates, and it enters on its lower course, to its 
embouchure, — a distance of no less than 700 miles, — does not 
fall quite twelve feet, that is, little more than a fifth of an 
inch per mile. It will he evident that, if a small stream were 
to pass over ground having so trifling an inclination as that 
above-mentioned, it would, instead of flowing freely onwards, 
creep with a sluggish pace, and, like the old river Witham, in 
Lincolnshire, form unprofitable fens and marshes. Owing, 
however, to the great volume of water carried down by the 
Amazonas, the current of this superb river is, notwitlistanding 
the small slope of its bed, very considerable, and it pours a 
vast body of fresh water into the Atlantic ocean. 

The surface of a plain which foi*ms the lower course of a 
river, is, as we have seen, generally covered with a layer of 
alluvial soil, deposited l)y the waters during their inundations. 
The matter of which this alluvium consists, is soft, and loosely 
bound together ; and consequently the current, even though 
it may be slow, has sufficient power to wear away, and remove 
portions of the banks from some parts, and to deposit them in 
others. By such means, great changes are produced in the 
channels of rivers, in the lapse of time ; and if a mass of rock, 
or other impediment, should occur in the middle of the stream, 
thus presenting an obstacle to the free current of the river, the 
latter will be divided into two parts, branching off on either 
side of the obstacle, whilst accumulations of sedimentary 
matter will take place round the latter, forming, according to 
circumstances, either islands, sandbanks, or deltas. The river 
Jfmzsszppi exhibits these phenomena on a grand scale, and the 
changes continually in progress in that river are very remark- 
able. “ Some years ago,” observes Captain Basil Hall, ‘‘ when 
the Mississippi was regularly surveyed, all its islands were 
numbered from the confluence of the Missouri to the sea ; but 
every season makes such revolutions, not only in the number. 
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but in the magnitude and situation of these islands, that 
tliis enumeration is now almost obsolete. Sometimes large 
islands are almost melted away — at other places, they have 
attached themselves to the main shore, or rather, which is the 
more correct statement, the interval has been filled up by 
the myriads of logs, cemented together by mud and rubbish.” 
The process of the gradual formation of islands in the 
channel of this river, is described with much vividness by 
Miss Martineau. “ A sort of sain on the water, betokened 
the birth-place of new land. All things help in this creation. 
The cliffs of the Upper Missouri detach their soil, and send it 
thousands of miles down their stream. The river brings it, 
and deposits it in continual increase, till a barrier is raised 
against the rushing w’aters themselves. The air* brings seeds, 
and drops them where they sprout, and strike downwards, so 
that the roots bind the soft soil, and enable it to bear the 
weight of new accretions. These islands are seen in every 
stage of growth. The trees, from being like cresses in a pool, 
rise breast high ; then they are thickets, to whose shade the 
alligator may retreat ; and then they are like the forest itself.” 
Nor does the transporting power of this vast body of water 
stop here : for it not unfrequently happens, that after the flood 
season, several acres of land thickly covered with wood arc 
precipitated in a mass into the stream, tlius almost at once 
forming new islands, whilst on the other hand, large portions 
of those previously formed, are swept away to form accumu- 
lations in other localities. 

When an accumulation of sedimentary matter takes place 
at the mouth of a river, forming an island, or mass of alluvial 
land, by which tlie stream is divided into two or more branches, 
this is usually termed a delta. The form of an accumulation 
of this description ordinarily approaches more or less to that 
of a triangle, the base being turned towards the lake, or sea, 
into which the river discharges its waters, and the apex 
towards the flowing stream. The cause of this is obvious. 

* And we may add, tl'e water alfio. 



262 


^DELTAS. 


The water, striking against the rock or other obstacle which 
leads to such an accumulation, diverges into two streams, 
forming two currents, the one taking a coui’se to the right and 
the other to the left, thus leaving an intervening space, imme- 
diately in front of the rock, more or less of a triangular shape, 
where no current occurs, and where, accordingly, the com- 
parative stillness of the water causes a deposition of sedi- 
mentary matter to take place in that particular form. If, 
however, an opposing cuiTent, arising from the entrance of the 
tides into the river, or from any other cause, should occur, the 
water in front of the rock would be agitated, and no deposition 
would take place. And thus, we find that deltas are not 
formed in rivers where tlie force of the stream is not of greater 
power, than that of the tides and currents which enter their 
mouths. They are therefore of more frequent occurrence in 
rivers which discharge their waters into lakes and inland seas, 
than in those which enter the ocean. 

The term delta” has been bestowed on formations of this 
description, on account of the resemblance they so frequently 
bear to the form of the Greek letter A, Delta, this appellation 
having been originally given to such an accumulation in the 
river Nile. Instances of deltas occur in the Rhone, the Mis- 
iissippi, the Indus, &c. 

Deltas are divided into Lacustrine, or such as are foimed in 
lakes ; Mediterranean, or those foimed in inland seas ; and 
Oceanic, or those formed on the borders of the ocean. 

The Rhone affords examples both of lacustrine and of medi- 
terranean deltas; and as this river will present us with a 
highly instructive and interesting illustration of these phe- 
nomena, we will pause to trace it in its course, from its origin 
among the glaciers of the Alps, to its embouchure in the 
Mediterranean Sea, a distance of about 540 miles. 

The river Rhone, celebrated by Spenser as 

Long Rhodanus wliose source sj^riugs from the side, 

takes its rise at no great distance from the sources of the 
Rhine, the Reuss, and the Aar. Thq source of the Rlione is 
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situated at the elevation of more than 10,000 feet above tlie 
level of the sea, gushing from a stupendous glacier: — 

The glassy ocean of the mountain ice 
. . . with rugged breakers which put on 

The aspect ol a tumbling tempest’s tbam, 

Frozen in a moment. 

' Tile river at first presents all the characteristics of a moun- 
tain torrent, precipitating itself with great noise and impetuosity 
into the vale beneath, and indeed consisting of little else than a 
succession of cataracts. Entering the great valley called the 
Valab, it rolls its onward course at the base of some of the 
most splendid mountains of the Alpine range, being aug- 
mented, at almost every step of its progress, by numberless 
streams and torrents, which dash down the declivities of the 
elevated mountains that form the margin of its grand basin. 
The course of this river at first lies among hard rocks, and 
consequently, notwithstanding its impetuous character, it does 
not become charged with any large proportion of sand, mud, or 
other extraneous matter; and its waters are therefore, in this 
part of its course, remarkable for their transparency, appearing of 
a bluish milk-white hue. As the stream proceeds, however, the 
nature of its channel changes, and passing among softer rocks, it 
bears down a considerable quantity of detritus ; the consequence 
of wliich is, that its waters become turgid, and when they ap- 
proach the upper end of the Lake of Leman, or Geneva, they are 
greatly charged with sedimentary matter. The Rhone enters 
with considerable impetuosity into this beautiful lake,discolour- 
ing its waters for some distance ; but the placid expanse of water 
ere long calms down the turbulence of the river, and the 
waters of the latter being stilled, deposit a vast amount of sand 
and mud, which, rapidly accumulating, forms a delta at the 
mouth of the river, presenting one of the most remarkable 
known instances of the formation of a lacustrine delta. Tlie 
growth of land in this locality has been very great ; an alluvial 
tract, more than a mile and a half in length, having been 
acquired in tliis manner in about eight centuries; a fact proved 
by the present situation of the town called Port Valais, which 
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in the tenth or eleventh century, stood at the water’s edge, but 
is now a mile and a half inland. The accumulation is still as 
much in progi’ess as ever, and threatens (though the time 
required to accomplish this would be very great), ultimately 
to fill up the Lake of Geneva. The more recent part of the 
delta consists of a flat plain, about six miles in length, very 
little raised above the water, being composed of sand and mud, 
and full of marshes; whilst beneath the ivaters of the lake, the 
accumulated sedimentary matter may be traced, sloping down 
into its bed, with a very slight and gradual inclination. 

When the Rhone issues from the Lake of Geneva, the 
whole of the sedimentary matter it had carried down vutli it 
from the Valais, liaving been deposited in the bed of the lake, 
its waters are ])eaiitiful]y clear and transparent, and present an 
azure tint, similar to that exhibited by the waters of the 
placid lake itself. Scarcely, however, has the river quitted 
this reservoir, ere its clear waters are again rendered turbid, 
and filled with sand and sediment, by receiving the w^aters of 
its affluent, the impetuous Arve, which brings down annually 
a vast (jiuintity of granite detritus from Mont Blanc. The 
cuiTent of the Arve is so powerful, that for some time after its 
junction -with the Rhone, its waters do not mingle with those 
of the latter river, a phenomenon which may be distinctly 
traced, owing to the different hue of the two streams; and 
after the melting of the snows, the body of water sometimes 
brought down by the river Arve is so gi*eat, that it overpowers 
the downward current of the Rhone, and actually forces that 
river back into the Lake of Geneva; and on some occasions, it 
has caused the undershot water-wheels on the banks of this 
portion of the latter river, to revolve in a direction contrary to 
that in which they ordinarily move. 

The Rhone subsequently receives other vast contributions 
of transported matter, brought down by its several affluents, 
but more especially by the Saone and the Doubs, both of 
which carry down a large quantity of detritus from the Vosges 
and Jura mountains ; whilst the Isere and Durance also con- 
tribute their share from the Alps of Dauphigny. The Rhone 
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thus becomes so greatly charged with sand and mud, that 
when at length it enters the Mediterranean, it discolours the 
blue waters of that sea, with a whitish sedimentary matter, for 
the distance of between six and seven miles, throughout the 
whole of which area, the cuiTent of fresh water is perceptible ; 
and it further appears that to the same distance, the deposition 
of sedimentary matter is rendered evident, by the gradual 
sloping of the bed of the sea in this locality, which, according 
to a recent survey by Captain Smyth, gradually deepens from 
24 to 240 feet. 

It will be readily supposed, that the vast quantity of foreign 
matter thus annually carried down by the Rhone and its tri- 
butaries, will lead to the accumulation of land at its embou- 
chure ; and accordingly, we find that it contains a delta, which 
commences at Arles, where the river is thus divided into two 
branches, between which this alluvial fonnation is enclosed. 
The growth of this delta has been very rapid ; Psalmodi, which 
was an island in the year 81 5, being now six miles from the 
shore ; and the tower of Tignaux, which was erected close to 
the water’s edge in 1737, is already about three miles from 
the shore. 

By the confluence of the stream of the river Rhone with 
the cuiTcnts of the Mediterranean, when the'Jatter are driven by 
winds from the south, sand bars are fonned across the different 
mouths of the river, and thus, lagomis, or lakes, are formed, 
subject to the occasional ingress of the river, in seasons of 
flood, and to that of the sea during stoims, and which accord- 
ingly, alternately consist either of salt or of fresh water lakes, 
until, becoming filled up by sedimentary matter, they are con- 
verted into salt marshes. Some of these lagoons, being, from 
their situation, more subject to the ingress of the sea than to 
that of the river, and being thus continually furnished with 
supplies of salt water, their waters, in consequence of the 
evaporation which takes place, become salter than that of the 
sja; and sometimes a considerable deposition of salt occui-s in 
these natural salterns. 

Deltas arc formed in many of the other rivers of Europe 
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which have their embouchure in its inland seas. The vast 
quantity of detritus annually brought down by the river Po 
and its tributaries, has led, as we have already seen, to large 
accumulations in that part of Italy: similar formations are also 
in 'progress on the shores of the Baltic, where many of the 
rivers, by their deposits of fluviatile mud, have converted 
some parts of the sandy wastes of Northern Grermany, into 
rich alluvial tracts. Of this we meet with instances in the 
Vistula^ the Niemen^ and the Nieper, 

Oceanic deltas are, as has already been stated, of less 
common occurrence; the mouths of rivers which enter the open 
sea, and which are consequently exposed to the influence of 
the tides, generally presenting phenomena of a different class. 
Under such circumstances, indeed, it frequently happens, that 
so far from deltas being formed, a loss of land occurs, because 
the ocean forces its way into the river’s mouth, and sweeps 
away some portion of the shores, penetrating into the land 
beyond the general coast line, and forming an estmfy* 
Wherever, however, the volume of fresh water brought down 
by a river is sufficiently great to counteract the force of tides 
and currents, oceanic deltas are produced. Of such forma- 
tions we meet with instances in the Indus, the Ganges, the 
Orinoco, &c. 

The Delta of the Indus commences at the distance of about 
HO miles from the sea, which it enters by eleven mouths, pre- 
senting a face of 126 miles to the ocean. At the distance of 
about ten miles from the sea, this delta assumes the character 
of a thick jungle, frequently forming the resort of tigers, 
gavials, and other wild animals : a little higher up it is covered 
with tamarisk shrubs, and the remainder presents a bare plain 
of hard caked clay. The course of the waters intersecting this 
delta is perpetually changing, and one year one mouth will be 
dry, and another in the following. At the time of the late 
Sir Alexander Bumes’ visit, the Grora was the most considerable 
mouth, but, owing to sand-banks near its entrance, it was 
inaccessible to ships. 

We have seen that estuaries ^e very commonly formed at 
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the mouths of rivers which have their outlets in the main 
ocean. The term estuary is in fact applied to the mouths of 
rivers into which the tides of the sea enter. Outlets of this 
description have a tendency to become silted up, or filled up 
with sand, mud, &c.; but such a formation differs materiaUy 
&om that of a delta. The latter, as we have seen, is formed by 
the detritus carried down by the river from the upper lands 
through, which its course extends; but the silting up of an 
estuary is in gi*eat measure caused by the wasting of the ad- 
jacent shores, and the forcing of these crumbling materials into 
the mouth of the river, by the tides and currents of the ocean. 
By such means, by the silting up of the river Yare in Norfolk, 
some thousands of acres have been gained for the purposes of 
cultivation ; but this, or any similar formation, cannot be re- 
garded as indicative of any actual increase of land, for, although, 
as in the case above alluded to. 

Where the mighty Ocean would not spare, 

There has he, with his own creation, 

Sought to repair his work of devaBtation ; 

yet the gain of useful ground, scarcely forms a compensation 
for the losses sustained on other parts of the same shores. The 
mode in which this transfer, (for such it may be considered,) 
takes place, is as follows : the cliffs of Norfolk, especially those 
between Wey bourne and Sherringham, and those near Cromer, 
are continually falling to decay, by the action of the sea. The 
marine current, sweeping along the coast, and being chaiged 
with the debris of these wasting cliffs, is ready to deposit this 
sedimentary matter, and to form a bar in any situation, the 
moment its onward course is interrupted by an opposing stream, 
or current. This it encounters in the river Yare, which, 
although it has not sufficient force to maintain an open channel 
for its own waters, has nevertheless power enough to check the 
progress of the sedimentary matter, and hence sand-banks of 
considerable size are thrown across the estuary of that river. 

It will be evident, from what has just been stated, that 
formations of this class cannot extend beyond the general line 
of coast; whereas, deltas, on the other hand, form projectif^g 
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masses of new land, actually added to the shores hy the agency 
of water, and in most cases, of permanent duration. 

Some rivers which fall into the ocean, and have estuaries 
at their mouths, are subject to a great swell, or sudden rise of 
the waters, when the tide enters the river. This phenomenon, 
'which occurs especially at spring tides, is usually called the 
hm'e. The cause of this sudden swell is readily explained. The 
rise of the sea at spring tides, forces a great volume of water 
into the wide mouth of the estuary. If, then, the latter be 
confined between high banks, so that the water cannot escape 
laterally, and if it become gradually lessened in its dimensions, 
the water, on entering the contracted poriion of the estuary, 
not being able to flow with rapidity equal to its volume, up 
this less capacious channel, and also, at the same point, en- 
countering the downward current of the river, a sort of con- 
cussion takes place, and the w’ater suddenly accumulates and 
rises in a heap, sometimes acquiring a height of several feet 
above the surface of the stream, and nishiiig with a tremendous 
noise against the current for a considerable dfstance. This 
phenomenon occurs in some rivers in Great Britain, and more 
especially in the Severn^ Trcnt^ and Wi/c, In the two former 
rivers, it is called the Eagre, or Uggre, It is displayed on a 
larger scale in the estuary of the Gironde, where the influx of 
the tide, meeting the descending waters of the Garonne, gives 
rise to tliis phenomenon, there called Le Mascaret, In the 
Gironde, indeed, it is not only of frequent occurrence, but of 
fearful aspect ; and boats are in great danger of being carried 
from their moorings, and swamped by this sudden swell of the 
waters. Instances of the bore are also met with in the Ganges, 
the Esequiho, the Amazonas, &c. 

In the Ganges, at Calcutta, the bore sometimes causes an 
instantaneous rise of five feet, which w^ould occasion great 
damage among the smaller vessels afloat in the river, if it did 
not, owing to local peculiarities, take its course along one bank 
only ; and were it not also preceded by a considerable noise, so 
that the small craft, having thus timely warning of its approach, 
may generally be safely removed to the other side of the river, 
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or at least to the middle of the stream, where, indeed, the 
swell is considerable, but not so sudden as to endanger vessels 
which are skilfully managed. 

In the river Esequiho^ as well as in the Berhiccy the Corintt/riy 
and other rivers of Guiana, this phenomenon is of frequent 
occurrence. In the two former risers, it assumes a fearful 
character, rising twelve or fifteen feet, and dashing violently 
against any obstacle it may encounter. In the Corintyn the 
phenomena presented are somewhat different, the bore occurring 
in successive starts of minor elevation. Thus, Mr. Schom- 
burghk observed a bore in the latter river, three feet in height, 
which dashed violently against the sliore, and which was re- 
peated three times, making in all nine feet. The various tribes 
inhabiting the coast of Guiana, regard this phenomenon with 
superstition, and usually bestow on it some appellation, signi- 
fying “ head of waters,” or more literally, ‘‘ mother of waters;’^ 
and tliey have many traditional stories to relate of the Lahu- 
qui-yahuy i, e.y mermaid,” or “water-sprite,” or, as they render 
it, “ water mama.” 

This phenomenon is displayed on a grand] scale near the 
embouchure of the river Amazonas. The tide ascends that 
river to the distance of between 400 and 600 miles from its 
mouth; and when the tide begins to ebb, and the receding 
waters of the ocean permit the egress of the pent-up waters of 
the river, the Amazonas at spring-tides pours forth an immense 
volume of water into the Atlantic, and owing to its augmented 
volume, the stream enters the ocean with very great velocity. 
At no great distance from the land, this mighty rush of waters 
encounters an oceanic current, which, passing Cape Roque, 
skirts the north-eastern coast of BraziL These two streams, or 
currents, meet nearly at right angles, and the violence of the 
concussion gives rise to the bore or mascaret, called by the 
Indians the Pororocay on a grands cale, it being asserted, that a 
mountain of water is by this means sometimes raised to the 
height of 180 feet. Fishermen and navigators, as we may well 
suppose, fly from it with the greatest terror, and it is said that 
it even causes all the adjacent islands to tremble. 



270 NAVIGABLE BITERS. 

We have already taken some notice of navigable rivers, and 
of the advantages accruing &om these natural channels of inland 
water communication ; but we cannot conclude our review of 
the lower courses of rivers, without again recurring to the sub- 
ject. We cannot, indeed, pause to consider all the principal 
rivers on the earth’s surface : — 

Great Ganges; and immortal Euphrates; 

Deepe Indus; and Meander intricate; 

»*»«*»* 

Oraxes, feared for great Cyrus* fate ; 

Tybris, renowned for the Bomaines’ fame; 

Rich Orinochy, though but knowen late. 

We must therefore content ourselves with a brief allusion to a 
very limited number of tlie most important navigable streams. 
The river Thames has already engaged some of our atten- 
tion; claiming, as it does, the pre-eminence among British 
streams. And perhaps few scenes are more striking than that 
presented by the Port of London, (e.e., the portion of the river 
extending from London Bridge to Deptford, a distance of about 
four miles,) filled, as it perpetually is, with forests of masts 
arrived from, or bound to, almost every part of the globe; 
forcibly reminding us of the following lines of Pope, and 
perhaps affording their realization beyond the anticipations of 
the poet himself : — 

The time shall come, when free as seas and wind, 

Unbounded Thames shall flow for all mankind; 

Whole navies enter with each swelling tide, 

And seas but join the nations they divide; 

Earth’s distant ends our glory shall behold. 

And the New World launch forth to meet the Old. 

But although the Thames is by far the most important river in 
the British Isles, it is surpassed in size by the Shannon. The 
latter river also possesses the unusualadvantage of being navigable 
throughout its whole extent, firom its source in Lough Allen to 
its embouchure, a distance of 240 miles. The rapids near Castle 
Connel, offer, it is true, some obstacle to the safe passage of 
vessels in that part of the river, but this impediment to navi- 
gation has been overcome by a sliort canal; and from the 
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attention that has recently been paid to the removal of some 
shoals and sand-banks which had accumulated in the bed of 
the river, there is reason to hope that this fine stream may, 
ere long, become the scene of the extensive traffic for which it 
is so well adapted ; and thus, in conjunction with the canals 
alluded to in a former page, may prove instrumental in 
ameliorating the fertile island in which it forms so conspicuous 
an ornament. 

In turning our attention to the Old Continent, including 
Europe, Asia, and Africa, although many noble and highly 
important navigable rivers occur, no stream exists in the whole 
of that extensive area, which will bear comparison with the 
Chinese river Yang-tse-Kiang,either in the length of its course, 
the capabilities it presents for the purposes of navigation, or in 
the practical use which has been made of those advantages. 
Indeed, as a recent author has observed, If you consider the 
countless canals which it supplies with water, to keep under 
irrigation the surrounding country, the commerce which it 
carries on its breast, and the fruitfulness displayed on its banks, 
where the richness of the foliage and the gi’eenness of the herb- 
age are quite astonishing; if lastly, you add the depth and 
volume of its waters, it has some claim, I conceive, to the very 
first place among the rivers of the globe.’' The tide ascends 
the Yang-tse-Kiang for more than 200 miles; and the river 
discharges itself into the Yellow Sea by a broad estuary, in the 
centre of which is the island of Tsong-ming, which is of alluvial 
formation, and is continually increasing in extent, owing to the 
vast amount of sedimentary matter annually brought down by 
the river. The present dimensions of the island have been 
estimated at above sixty miles in length, and eighteen in 
breadth. It is considered as the largest island of alluvial for- 
mation on the surface of the globe, and forms one of the most 
densely populated districts of China. The inhabitants of this 
remarkable country, indicate their regard for their noble river, 
by the appellation they bestow on it, namely, “ the First-born 
of the Ocean.” 

But although, as has just been stated, the Yang-tse-Kiang 
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appears to be without a rival in the Old World, it is surpassed 
in magnitude by some of the mighty rivers of America. In 
that portion of the globe, Nature,” as has been well observed 
by a foreign traveller*, “has formed her works on a gigantic 
scale. Whei'e else is to be found a mountain range like the 
Andes? where rivers like the Amazonas and the La Plata? 
where such extensive plains, and almost impassable and bound- 
less forests? Those rich and fertile provinces situated near 
the foot of the eastern declivities of the Andes, abounding in 
useful and precious productions, yet bounded as they are on 
the one side by that tremendous barrier the Andes, might seem 
to labour under the greatest disadvantages. But the same 
Hand that has raised the most wondrous and in all appearance 
impassable barrier to the progress of man in these vast regions, 
has not omitted to provide safe and convenient means of com- 
munication with their remotest parts. The innumerable rivers 
which have, as it were, burst a path tliroiigh these almost 
boundless forests, and which are for the most part navigable, 
are but so many higliways which Nature herself has opened 
through rocks and mounhiins and impenetrable forests, for the 
safe and convenient passage of man and for the transport of the 
fiuits of Ills industry.” 

Among tlie rivers to which allusion is here made, the Ama- 
zonas holds the first rank. The direct line of this magnificent 
river, from its junction with its affluent the Ucayali to its 
embouchure, is IGOO miles, throughout the whole of which it 
is considered capable of receiving vessels of the largest size. 
The Ucayali is also a noble and important stream; free from 
impediments to navigation ; and this river, in conjunction with 
its affluent the Apuremas, is said to be navigable as far as 
Mantaro, only 400 miles distant from Lima. And thus, by 
means of this mighty system of rivers, might a water commu- 
nication be formed almost across the continent. The region 
traversed by the Maranon or Amazonas, consists of one immense 
plain, gradually and almost insensibly sloping down to the 
Atlantic ; not, however, perfectly flat, but rather presenting a 
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succession oi dight undulations covered with the most luxu- 
riant vegetation, ^o cataracts, no rapids occur, to interfere 
i^dth the navigation of this mighty stream, which in this por- 
tion of its course has an average width of from one to two 
miles, though nearer its embouchure, it expands to the width 
of about thirty miles. 

The only impediment to navigation in the Amazonas, appears 
to be presented by the vast quantities of drift wood, brought 
into its stream by its tributary the Madera, and which render 
it at times rather dangerous for canoes and small boats. Two 
German travellers, named Spix and Martins, who some yearn 
since ascended this river in a canoe, were exposed to great dan- 
ger, from the vast quantity of drift wood constantly propelled 
against their vessel by the current. The tops alone of some 
trees appeared above water; others had their roots attached to 
them with so much soil, that they might be compared to float- 
ing islets. On these the travellers relate that they saw “some 
very singular assemblages of animals, pursuing peacefully their 
uncertain way in strange companionship. On one raft were 
.several grave looking storks, perched by the side of a party 
of monkeys, who made comical gestures, and burst into loud 
cries on seeing the canoe. On another was seen, a number of 
ducks and divers sitting by a group of squirrels. Next came 
down, upon the stem of a large rotten cedar tree, an enormous 
crocodile by the side of a tiger-cat, both animals regarding each 
other with hostility and mistrust, but the saurian being evi- 
dently most at his ease, as confident of his superior strength. 

The vast capabilities for inland navigation afibrded by the 
rivers of South America, have not, it is true, hitherto been 
taken adv^tage of to any great extent. Not so, however, those 
of the northern portion of the New World ; there the noble 
rivers by which it is intersected, and more especially those 
included in the basin of the Mississippi, have been turned to 
the most profitable account, navigation being by this means 
carried into the very interior of the continent. “It is impos- 
sible,” observes Mr. Stevenson in speaking of the Ohio, “it is 
impossible to convey to the reader an adequate idea of those 



Most rivers are subject to an occasional increase in the 
volume of their waters, regulated in great measure by die 
seasons; and therefore more or less periodical. In the rivMB 
of our own island, these flood seasons, or freshets^ as they 
termed, are partly dependent on the melting of the snows, ||Dd 
partly on occasional heavy falls of rain ; in a climate so varilib}e 
as that of Great Britain, this increase of the waters is subje^ft to 
great variation, both as to its amount and its periodicity* In 
countries which possess more excessive climates, that is, wherathe 
changes from heat to cold, and from cold to heat, are more sudden 
and more regular, as is the case with most continental r^ons, 
these flood seasons in the rivers assume a more periodical cha- 
racter. Thus the Vol^a receives a vast access of water at the 
melting of the snows in the spring, usually beginning to rise 
in March, increasing during April and May, and contmuing 
above its usual mark, until the end of June, when it decreases 
very fast. The common course of the stream, is considered 
scarcely to exceed one mile an hour, but at the time of the 
floods, it amounts to three miles an hour. 

In i*egions where the rains are periodical, the increase in the 
volume of the rivers usually corresponds with these seasons. 
Thus, in the Ganges^ the waters begin to increase in April, 
when the rains commence in the mountains in which it has its 
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sources; the rate of its increase is about three inches daily, 
until the month of July, -when the rains descend in torrents in 
the plains. The increase of the river is then more rapid, 
amounting to about five indies daily, and the country along its 
banks for a hundred miles, at that period presents the appear- 
ance of a vast lake, interspersed with insulated villages and 
groups of trees. The general depth of the waters spread over 
the country in this district is about twelve feet, but in some 
parts not less than thu-ty feet. The InduSy the Euphrates^ the 
Tigris^ all have their periods of increase of volume, dependent 
on the setting in of the rains on the mountdns in which these 
rivers originate. 

The rise, and consequent inundations of the river Nile^ have 
long been celebrated; the land of Egypt, in fact, owing its 
fertility wholly to this circumstance. Shortly after the com- 
mencement of the rains on the mountains of Abyssinia, in 
which it has its sources, the river begins to rise. This usually 
takes place in the middle of June, and the waters continue to 
increase until the end of August, or beginning of September ; 
the whole valley of Egypt, and the greater part of the Delta, 
being at this period covered with one sheet of water. As the 
fertility of this district is wholly dependent on the inundations 
of the Nile, the inhabitants watch for the arrival of the waters 
with great anxiety; and for the purpose of ascertaining the 
lieight of the waters, a gauge, called the Nilometery has been 
constructed. This is situated in a mosque in Old Kahiro, and 
consists of a large square tank or well, in which is fixed a 
granite pillar, divided into karats or digits. The water of the 
river is admitted at the bottom of the well, and the rate of 
increase indicated by the digits on the pillar. The rise of the 
waters is irregular, but its usual progress is from two to four 
inches daily. When it attains its wonted height, the Nilometer 
is under water. At Kahiro the greatest rise is twenty-eight 
feet. When the waters are drmned off from the surface of the 
land, and occupy only their usual channel, the soil which has 
thus been moistened and enriched by the alluvial deposits, 
becomes singularly adapted for cultivation, and bears the most 
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luxuriant crops ; tliis region^ which, but for this important 
river, would consist of a desert waste, being thus rendered one 
of the most fertile on the surface of the globe. 

The periodical overflowing of the river Maiina^ in Centred 
America, though on a comparatively small scale, is remarkable 
on account of the vast deposits left by its waters. The annual 
inundation of this river appears to be caused by violent rains 
occurring in the mountains in which its early course lies. 
The waters usually rise in the night, and spread themselves 
over the whole vdley or basin of the river, to the depth of 
about nine feet. This inundation is not, however, of long 
duration, usually lasting only for twenty-four hours, though 
sometimes, but very rarely, for thirty-six hours. The waters 
deposit annually a layer of mud, three or four inches thick, 
and thus the valley becomes gradually filled up, its surface 
being much higher than formerly; and as the land in the 
valley becomes more elevated, the river scoops out for itself a 
deeper channel, and the extent of the inundation is diminished. 
The inhabitants of the valley of the Matina, are not wholly 
without warning of the approach of the waters, for, on the 
morning preceding the inundation, the atmosphere presents a 
most threatening aspect, and a succession of squalls usually 
pass over the district, so that an opportunity is thus afforded 
for the removal to more elevated ground, of live stock, or any 
property liable to be injured by the rise of the waters. It will 
be evident, that these inundations are not without their utility, 
the deposits left by the waters being of extreme benefit to 
'vegetation, and imparting to it a remarkable degree of vigour 
and luxuriance. 

In large river-basins, like those of the Mississippi and 
AmazcnaSy where the tributary streams, as well as the principal 
or recipient stream, each have their vernal flood seasons, the 
volume of water carried down by the several rivers, if they all 
rose simultaneously, would cause the most fearful inundations, 
submerging and devastating all the lower parts of the great 
valleys. But by a wise and admirable arrangement, the pe- 
riodic rising of the tributary streams, follows each other at 
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considerable intervals. In the river-system of the MisaiBsippi^ 
this is attributable to the different periods at^which the ice 
breaks up, and the snow melts, according to the different lati* 
tudes in which the rivers take their rise ; whilst in that of the 
Amazonas, it is due to the different times at which the periodi- 
cal rains fall near the sources of the several tributary streams. 
Thus, in the basin of the Mississippi, the flood of the Red 
river precedes that of the Arkansas by about a month. The 
Arkansas, again, on account of its rising in a more southerly 
latitude than the Missouri, takes the lead of the latter river in 
its annual flood season ; whilst the superabundant waters of 
the Missouri are di^iged and disposed of, long before the break- 
ing up of the icy barriers of the northerly region, in which the 
Mississippi itself originates. 

Equally admirable is the arrangement in the river system of 
'the AmazonaSy though at the same time considerable difference 
exists in the means by which it is effected. The volume of 
water poured into the Amazonas by its numerous affluents, is 
immense ; and did all these rivers rise simultaneously, the 
-consequences would be most fearful ; by the admirable 
arrangement above alluded to, however, this evil is effectually 
guarded against. Some of the s<mthern afiluents of the Ama- 
zonas, among which are the Xingu and the Tapajos, originate 
in an elevated table-land, situated at no gi*eat distance from 
the Tropic of Capricorn, whilst its northern affluents traverse 
extensive tracts of country bordering on the Equator. In 
these different latitudes, the periodical rains occur at different 
times, and hence the flood seasons take place at different 
periods in the northern and the southern affluents. Thus, 
the Xingu and Tapajos attain their greatest height, and con- 
tribute the largest body of water to the Amazonas, from 
November to January; whilst the Madera, and the other 
northern affluents, are fullest from July to September. The 
importance of this beautiful arrangement will be obvious, when 
we consider, that, notwithstanding the waters are thus kept 
within due bounds, the difference between the high and low 
level of the Amazonas, is not less than forty feet. 
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The number of considerable rivers which fall into the sea 
in different parts of the Old Continent^ is computed as amount- 
ing to 440 ; and those of the New Continent as not exceeding 
140. This seeming disproportion is attributable to the dif- 
ferent configuration of the two continents; the vast river- 
basins in the New World, causing the waters to collect into 
one mighty channel before they enter the ocean ; and the 
lesser number of the American rivers is amply compensated by 
their larger volume ; many of the affluent streams in the New 
World, being of much greater magnitude than any of the rivers 
of Europe. 

Several attempts have been made to compute the quantity 
of water which rivers discharge into the ocean ; but, in the 
present state of our knowledge, all, such estimates can only be 
regarded as mere approximations. It is supposed, that not 
above one-third of the atmospheric water which descends to 
earth, finds its way by this means into the ocean; a circum- 
stance which has in great measure been proved by observations 
made in the basin of the river Seine. To accomplish this, the 
amount of atmospheric moisture falling in the valley, or basin, 
drmned by the Seine, was first ascertained, and then compared 
with the volume of water carried down by that river; and 
from these observations it appears, that two -thirds of the 
atmospheric water which falls to earth on that area, either is 
applied to the support of animal and vegetable life, or is 
returned to the atmosphere by the process of evaporation, or 
else is absorbed by the thirsty soil, probably, in some instances, 
finding its way to the sea by subterranean channels. And, 
from the estimated amount of rain, snow, dew, &c., falling on 
the surface of the whole of the land on the face of the globe, it 
bas been computed that about 12,757 cubic miles of water may 
be considered as the annual tribute of the rivers of the globe to 
thse great deep. 
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COMPARATIVE LEmTH OP THE PRINCIPAL RIVERS. 


Name. 

Source. 

Length 
in Miles. 

Mouth. 

Forth 

Ben Lomond 

100 

North Sea. 

Severn 

Plinlimmon 

220 

Bristol Channel. 

Shannon 

Lake Allen 

240 

Atlantic Ocean. 

Thames 

Cotswold Bills 

240 

North Sea. 

Po 

Monte Viso 

380 

Adriatic Sea. 

Ebro 

Mountains of Asturias. 

400 

Mediterranean Sea. 

Seine 

Cdte d’Or Mountains. . 

430 

English Channel. 

Oder 

Carpathian Mountains 

500 

Baltic Sea. 

Tagua 

Sierra Morena 

530 

Atlantic Ocean. 

Rhone 

Monte Furca 

540 

Mediterranean Sea. 


Mont Gerbier 

590 

Bay of Biscay. 

North Sea. 

Elbe 

Sudetic Mountains .... 

m 

Vistula 

Carpathian Mountains. 

640 

Baltic Seu. 

Gambia 

Heights of Foota Jallo . 

650 

Atlantic Ocean. 

Rhine 

Mont St. Gothard .... 

810 

North Sou. 

Don 

Toula 

950 

Sea of Azof. 

Senegal 

Heights of Foota Jallo . 

950 

Atlantic Ocean. 

Colombia .... 

Rocky Mountains .... 

1000 

Pacific Ocean. 

Dnieper 

Heights of Smolensk . . 

1100 

Black Sea. 

Orinoco 

Sierra de Porima 

1400 

Atlantic Ocean. 

Euphrates .... 

Mountains of Armenia. 

1500 

Persian Gulf. 

Ganges 

Himalaya Mountains . 

1500 

Bay of BengaL 

Danube 

Black Forest 

1700 

Black Sea. 

Indus or Sind • 

Himalaya Mountains . 

1700 

Indian Ocean. 

Mackenzie .... 

Rocky Mountains .... 

1700 

Arctic Ocean. 

St. Lawrence . . 

Upper Canada 

1900 

Atlantic Ocean. 

Volga 

Heightsof Valdai 

1950 

Caspian Sea. 

La Plata 

Heights of Itambe .... 

2000 

Atlantic Ocean. 

Jenesei 

Altai Mountains 

2200 

Arctic Sea. 

Heang>bo — 

Desert of Cobi 

2400 

Pacific Ocean. 

Lena 

Altai Mountains 

2500 

Arctic Sea. 

Obi 

Altai Mountains ...... 

2500 

Arctic Sea. 

Nile 

Donga Mountains .... 

2700 

Mediterranean Sea. 

Yang-tse Kiang 

Desert of Cobi 

3000 

Pacific Ocean. 

Amazonas . .. 

Andes 

3200 

Atlantic Ocean. 

Mississippi and 
Miaaouri 

North American Lakes 
Rocky Mountains .... 

1 3500 

Gulf of Mexico. 
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CHAPTER XVII. 

LAKES. — INLAND SEAS. 

We have before seen that great advantages arise from internal 
reservoirs of water, which, being screened from the action of 
the atmosphere, and thus protected from evaporation, are pre- 
served in the interior of the earth, ready to afford abundant 
supplies of water, both to natural springs and artificial foun- 
tains. We have seen that the results of this admirable 
arrangement are of the highest importance ; we shall also find 
that the subject of our present consideration — external reservoirs 
of water, or lakes and inland seas ^ — will afford us another 
instance of the beautiful adaptation of the earth’s surface to 
the created beings of which it forms the habitation. For, 
though on the one hand, it is a circumstance of extreme 
importance in the economy of nature, that some collections 
water should be so placed, as to be preserved from decrease by 
means of evaporation, yet, on the other hand, the very circum- 
stance of the existence of lakes, or external collections of 
water, which are exposed to the process of evaporation, is also 
productive of especial benefit, particularly in some localities, 
on account of the moisture thus raised into the atmosphere, 
from whence it is ready again to descend in the form of dew, 
or of refreshing showers ; to effect which, in any important 
degree, a considerable extent of surface will be required. Large 
lakes are, therefore, of especial utility in regions remote from 
the ocean : and if we inspect a map of the world, we shall 
perceive that it is precisely in such situations, that the greater 
number of large lakes and inland seas occur. Thus, wc meet 
with the largest internal sheets of water on the face of the 
earth, in the most central parts of Asia, and in the middle 
districts of North America ; the former being more especially 
remarkable on account of their constituting the reservoirs, or 
recipient basins, into which rivers of large size empty their 
waters, but being apparently unprovided with an outlet; so 
that there is reason to suppose, that the whole of their super- 
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flaous waters are carried off by evaporation* To this class 
belongs the Caspian Sea. 

Lakes are of different kinds. Some may be considered as 
tanks, or reservoirs, which 'receive the first outbreakings of a 
spring; and in lakes of this description, if the volume of 
water issuing from the spring be of small amount, the evapo- 
ration from the surface may be sufficient to dispose of the 
whole supply, and therefore such a lake will require no outlet. 
If, however, the volume of water sent forth by a spring should 
be considemble, it will form a channel for itself, at the margin 
of the lake, and issue forth as a stream of greater or less mag- 
nitude. Of this description is Itascu Lake^ which forms the 
source of the Mississippi, and also the Lake of Lauricochiy in 
which the MaraKon, or Amazonas, originates. 

Other lakes consist of basins, or reservoirs, which occur in the 
line of a river’s course, into which its waters flow, and in which 
they accumulate, until they have found their level in the depres- 
sion which forms the bed of such a lake, when they pour forth 
their superabundant supplies at some outlet, either occurring 
naturally, or which they have scooped out for themselves at 
the other extremity. A stream may thus form numerous 
lakes in its course, of which we meet with a striking example 
in the river Mississippi, which, in the early part of its course, 
expands into and flows through no less than eight such lakes, 
some of which are of considerable magnitude. 

Lakes not unfrequently combine the characteristics of the 
two preceding classes ; forming the passage of a river, and also 
at the same time being fed by springs, which considerably 
augment the volume of their waters. 

Some lakes consist of basins, or hollows, into which one or 
more rivers pour their waters, but which, owing to the depres- 
sion of the region in which they are situated, possess no outlet 
for the superfluous waters, the latter being either absorbed by 
the porous soil, or carried off by evaporation. Of this descrip- 
tion is the Sea of Araly in Central Asia, which receives several 
large rivers, including the Sihon and Gihon, (the ancient 
Jaxartes and Oxus,) but lias no visible outlet. 
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PERIODIC LAKES. 


Saline lakes, or lakes the water of which s strongly 
impregnated with saline matter, are by no means of nncom<* 
mon occurrence. When springs or streams containing saline 
matter enter such a basin, the purer portion of the water being 
carried off by evaporation, the saline particles are left behind 
in the remaining waters, which thus sometimes become veiy 
strongly impregnated with saline matter, especially if they 
have no outlet for their waters. Of this description are 
Lake Asphaltites^ or the Dead Sea, the Lakes of Kahhisar, 
Ourmia, &c. 

Lakes are sometimes formed in the craters of extinct 
volcanos, and the waters of such lakes are often strongly 
impregnated with sulphur and bitumen. To this class belong 
the Lakes of Ncmi and Averno, 

Some lakes are periodic ; that is, are subject to have their 
basins alternately empty and full of water. One of the most 
remarkable lakes of this description is that of Zirknitz, in 
Camiola. This lake is about eight miles in length, by two in 
breadth. In the early part of June, its waters disappear 
through several crevices or fissures in its basin, when the 
peasantry in the neighbourhood hasten to take advantage of 
the rich pastures which grow there spontaneously, or proceed 
to cultivate its bed, sowing in it their crops of buckwheat and 
rye. These crops ripen, and are carried, before the return of 
the water, which usually takes place about the end of Sep- 
tember, or beginning of October, at which time again it makes 
its appearance, spouting through the apertures in the bed of 
the lake, with great force. The Lake of Zh’knitzis situated in 
a valley amongst a range of limestone hills, a description of 
formation frequently found to contain subterranean caverns of 
great magnitude ; and the phenomenon we are at present con- 
sidering, is accounted for by supposing that some caverns of 
this kind exist, forming the beds of subterranean rivers ; and 
that, when augmented by the autumnal rains, these rivers 
flow into a channel which affords them an outlet in this lake ; 
but, on the other hand, when these subterranean rivers are low, 
the water disappears &om the Lake of Zirknitz. 
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The lakes of our island are In general of small extent. 
Winandermere^ or Windermere^ which is the largest English 
lake, does not exceed eleven miles in length, whilst its breadth 
varies from half a mile to a mile. The lakes of Keswick^ or 
DerwentwateTy and Ullewatery although they surpass Winan- 
dermere in wild and varied scenery, are inferior in size to that 
lake; and the other lakes of this district, Conistofiy Grtissmere 
Bvttermerey Cromachy Westdahy EnnerdaUy &c., are of yet 
smaller dimensions. The western parts of England, and more 
especially Cheshire, abound in broad shallow sheets of water, 
called meres y which have not sufficient depth for the purposes 
of navigation, but usually contain abundant supplies of fish. 
Such arc OahmerCy Combennerey Bartonmerey and the beautiful 
Ellesmere, Lakes are very numerous in Norfolk and Suffolk, 
the greater portion having been formed by the silting up of 
the ancient hay, which at one period existed in this part of 
the coast. These lakes, some of -which, however, are of very 
small size, are upwards of sixty in number. Among the 
largest are Fritton Lahey and Breydm Water, 

Among the rocky basins of the mountainous region of 
Wales, called Snowdonia, lakes of small size are very abun- 
dant : and the darkly shadowed little tamy or lake, near the 
summit of Cader Idrisy presents an admirable example of a 
mountain lake. The 1 argest lake in th is principality is, however, 
Bala Lahey called by the Welsh, Llj/nTegidy or the Fair Lakey 
and sometimes spoken of by the less attractive name of Pimbh 
mere, Tliis lake is remarkable for the purity of its waters, in 
which, it is said, that the nicest chemical tests have not been 
able to detect any foreign admixture. 

The Scotch lakes, or lochs, are on a somewhat larger scale 
than those of South Britain. Loch Lomondy which is the 
largest lake in Great Britain, covers an area of about 20,000 
acres; its length is twenty -two miles, and in one part it has a 
width of nine miles, but its breadth is very variable. The nume- 
rous and beautiful islands with which this lake is studded, the 
long richly wooded promontories stretching far into the lake, 
the cultivated hills to the south, and the lofty mountains to 
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the north and east, including the elevated summits of Ben 
Voirlich and Ben Lomond, form a combination of scenerj' 
not surpassed by any other spot in the island. Towards its 
northern extremity, this lake has a depth of 600 feet. Loch 
Tay is a narrow sheet of water about fourteen miles in length 
and a mile in width, but supposed in some parts to have a 
depth of 600 feet. Loch KaJtrinCy though of les^ magnitude, is 
of too great celebrity to be passed wholly unnoticed. 

With promontory, creek, and bay. 

And islands that empurpled bright. 

Floated amid the lovelier light; 

And mountains that like giants stand, 

To centinel enchanted land. 

The most remarkable lakes of Scotland, are, however, those 
forming the long line, or chain of lakes, which extend in a diago- 
nal direction across the Great Caledonian Glen, stretching 
nearly from one coast to the other. This chain of lakes 
includes Loch Ness^ Loch Oichy^ Loch Lochy^ Loch Eily and 
Loch Linhhe, Loch Ness is remarkable for its depth, which 
in some parts is considered not to be less than 800 feet ; so 
that its bed appears to be about 100 feet lower than the 
bottom of the North Sea, off the eastern coast of Great Britain, 
even where it is deepest. This lake is never frozen over, a 
circumstance which is attributed to its gi’eat depth ; congela- 
tion, as we have before seen, not readily taking place in deep 
water. 

The principal lakes of Ireland are Lough or Lahe Neaghy 
and the beautiful Lakes of Killamey. Lough Neagh is the 
largest lake in the British Isles, its length being about eighteen 
miles, and its breadth about eleven or twelve. This lake is 
wholly deficient in picturesque beauty, its shores being low 
and flat, and in some parts marshy, and subject to occasional 
inundations. Differing thus in character from the beautiful 
Scotch lakes, we may expect that it will also differ in the 
depth of its basin ; and accordingly we find, that in no part 
does the depth of this lake exceed 102 feet. The waters of 
Lough Neagh, according to some accounts, possess petrifying 
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or mineralizing properties: whilst according to others, they 
exhibit no such peculiarity. In all probability this discre- 
pancy has arisen from the occurrence, in some particular loca- 
lity, of a calcareous, or other mineral spring in the lake, 
imparting to the waters in that especial part, this peculiar 
property, but not of sufficient power to affect the whole body 
of water contained in the lake. 

Lakes are very numerous in the northern ports of Continental 
Europe. They aboimd in Norway, Sweden, and Lapland, many 
of the lakes in those parts having a considerable elevation above 
the level of the sea. In Finland, they are so exceedingly nume- 
rous, that the natives themselves bestow on that territory the 
appellation of Sttomemnay or the region of lakes.” Not less 
distinguished for its lakes, is the northern part of European 
Russia, numerous large sheets of water occurring in that 
locality, among which is the Lake of Ladoga^ which is the 
largest European lake, its length being nearly 120 miles, and its 
width in some parts 70 miles. It covers an area of more than 
6500 square miles, or nearly 600 square miles more than the 
whole county of Yorkshire. The depth of this extensive 
sheet of 'water varies greatly; in some places being said to 
have a depth of 900 feet, whilst in others it is not sufficiently 
deep for the navigation of large vessels. The drainage of a 
very extensive tract of country flows into the Lake of Ladoga, 
and its only outlet is the river Neva. 

Lakes are very numerous in the mountainous region of 
Switzerland, some of them being situated at a great elevation 
above the sea level. Among the latter are the small lakes of 
T<ma and of Sera^ which form the sources of the leading branch 
of the river Rhine, and which are situated in the St. Gothard 
group of mountains, at the elevation of about 7600 feet above 
the sea. The Rhine, having descended several thousand feet, 
passes through the Lake of Constanz or Constance^ called also 
the Boden Sea, This lake is about forty-five miles in length, 
and its extreme breadth is thirteen miles ; its average depth is 
020 feet, but it is said that in some places a line of 2130 feet is 

u 
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required to reach the bottom. The lake of Constanz is sub- 
ject to the phenomenon of the sudden rising of its waters. 
Thus, it appears that in the year 1549, the waters rose four or 
five times in the course of an hour to the height of two or 
tl^ee feet above its ordinary level; and in the year 1770 it 
rose in one hour, from twenty to twenty-four feet above its 
usual level. Like other alpine lakes, it uniformly increases in 
summer, by the melting of the snows on the adjacent moun- 
tains, and its lowest period is in winter, when its sources are 
locked up in ice. Owing to the great depth of its waters in 
some parts, this lake is rarely frozen over; instances have, 
however, occurred of its being covered with a sheet of ice. 
Above fifty streams of considerable size empty their waters 
into the Lake of Constanz, but the lUiine forms its only 
outlet. 

The Lake of Genem^ or Leman Lake^ extends in the form 
of a crescent, its northern banks forming an ai’c about fifty- 
three miles in length, and its southern one of forty-three miles ; 
its length, however, is usually estimated at about thirty-seven 
miles, and its greatest breadth at about eight or nine miles* 
Near its western extremity, this lake becomes greatly con- 
tracted, and for about fourteen miles, its width scarcely exceeds 
one mile. This narrow portion, which extends from Nyon to 
Geneva, is more especially distinguished by the appellation of 
the Lake of Geneva, and is sometimes called the Little Lake. 
The depth of this sheet of water varies considerably in different 
parts; in some places not exceeding 100 feet, whilst in others 
it is not less than 980 feet. 

Lake Leman lies hj Chillon’s walls : 

A thousand feet in depth below 
Its massv waters meet and flow ; 

Thus much the fathom line was sent 
From Ghillons snow-white battlement 

The hdee, like that of Constanz, is higher in summer than in 
winter, the difference sometimes amounting to six or eight 
feet. The Lake of Geneva is subject to a phenomenon, called 
the which consists of a subaqueoua wind, rising to 
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the snT&ce, and producing an agitation of the waters, which 
sometimes renders the navigation of the lake dangerous. 
The phenomenon called the Seiches, which consists of an 
occasional sudden undulation, or rising of the waters, is 
also not uncommon in this lake, usually not exceeding 
a few inches in height, though sometimes attaining that of 
five feet. 

Mountain lakes are very numerous among the upper valleys 
of the Pyrenees ; they are, however, never of any great size, but 
many of them, on account of their great elevation, are covered 
with ice throughout the greater part, if not the whole of the 
year. Thus, the Lake of Mont Perdu, which is situated at the 
elevation of 8393 feet, is usually frozen over until the end of 
August; whilst the Lake d^Oo, situated near the Port or Pass 
d’Oo, and the elevation of which is 8800 feet, is perpetually 
covered with ice. 

The borax lakes or lagoons of Tuscany present phenomena, 
perhaps unique in their kind. They occur in the volcanic 
region of Monte Cerboli, and are spread over a surface of about 
thirty miles. As you approach the lagoons,*’ observes Dr. 
Bowring, “ the earth seems to pour out boiling water, as if 
from volcanos of different sizes, in a variety of soil, but prin- 
cipally from chalk and sand. The heat in the immediate 
adjacency is intolerable, and you are drenched by the vapour, 
wMch impregnates the atmosphere with a strong, and some- 
what sulphureous smell. The whole scene is one of terrible 
violence and confusion — the noisy outbreak of the boiling 
element — the rugged and agitated surface — ^the volumes of 
vapour — the impregnated atmosphere — ^the rush of waters — 
amid bleak and solitary mountains.” This place was formerly 
regarded by the peasantry as the entrance to hell, a super- 
stition,” says Dr. Bowring, ^‘derived no doubt, from very 
ancient times, for the principal of the lagoons, as well as the 
neighbouring volcano, stiU bear the name of Cerboli {^Mom 
Chrheri). The peasantry never passed by the spot without 
terror, counting their beads, and praying for the protection of 
the Virgin.” Nor were these lagoons without real and poa* 

V 2 



292 


LAKE OF AVEUNO. 


tive dangers, for the loss of life was certain, when either man 
or beast had the misfortune to fall into any of those boiling 
baths. Within a very few years, however, these borax lagoons 
have been brought into profitable action, and the quantity of 
boracic acid produced, varies from 7000 to 8000 pounds per 
day ; and the extensive application of this substance to manu- 
facturing purposes, renders its production an object of great 
importance*. And thus, to use again the words of Dr. Bow- 
ring, “these lagoons, which were fled from with terror by 
uninstructed man, have, in great measure by the exertions of 
one spirited individual +, been converted into a source of wealth 
more valuable perhaps, and certainly less capricious, than any 
mine of silver, that Mexico or Peru possesses;” and promise 
to gather round them a large and intelligent population, and 
to become sources of prosperity to innumerable individuals 
through countless generations.” 

The Lake of Avemo, which in ancient times was celebrated 
for its sulphureous exhalations, appears no longer to exhibit 
similar phenomena. The mephitic vapours, or in other tenns, 
the volumes of carbonic acid gas, emitted by Lago Amsancto, 
have been of more pennanent duration ; a circumstance readily 
accounted for; the former lake occupying the crater of an 
extinct volcano, which has gradually ceased to emit sul- 
phureous vapours, whilst Lago Amsancto is situated in a 
limestone rock, from which exhalations of carbonic acid gas 
are continually issuing. Over a large portion of the smflll 
lake Amsancto, the water, owing to the escape of this gas, is 
continually bubbling up, with a noise resembling distant 
thunder, though it is not thrown up above two feet in height. 
The water is of a dark ash colour. This lake is of classical 
celebrity, under the name of Lacus Amsanctus, and also that 
of Lacus Mephitis. Thus it appeal's that Cicero speaks of the 
deadly” character of Lake Amsanctus, and Pliny mentions that 

* Borax is cliieflj used by workers of metals as a flux, tliat is, to promote 
the fusion of those substances. 

f M. Lasdarel, on whom the Grand Puke of Tuscany has conferred the 
title of Count de Fomerance. 
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there is a spot near the temple of Mephitis*^, where whosoeyer 
entered, died. There is also a small pool, or lake, adjoining the 
Lago Amsancto, which is called the Coccaioy or cauldron^ on 
account of its presenting the appearance of being in a constant 
state of violent ebullition. On the surface of this little pool, 
masses of cai-bonic acid gas are continually floating in rapid 
undulations, described as being so dense, that they are visible at 
the distance of 800 feet from the spot. This is supposed to be 
the Specus horrendum^ or direful cavCy mentioned by Virgil. 
These remarkable lakes appear still to present the same deadly 
character they did eighteen hundred years ago ; the noxious 
gases they emit, sometimes proving fatal to the inhabitants of 
the adjacent district, especially when borne by the wind in one 
direction ; but, as the specific gravity of carbonic acid gas is 
greater than that of atmospheric air, it will not, if undis- 
turbed, rise more than three feet above the surface of the 
water. A man standing erect, is therefore, in calm weather, 
not exposed to much danger ; but should the face be plai^ 
near the gi'ound, a very short time would suffice to cause 
suffocation ; and sheep, straying to the spot, not unfrequently 
are killed by the mephitic vapour of these lakes. 

Lakes and inland seas form a remarkable feature in the 
central parts of Asia. Some of these sheets of water are of 
very considerable magnitude, and the greater number are re- 
markable for the saline nature of their waters, which are salter 
than those of the ocean. Of the latter peculiarity, we meet with 
a striking instance in the Lake of Kah-hisar^ in Asia Minor. 
This lake, which is about 90 miles in circumference, is, 
perhaps, one of the saltest lakes in existence ; and Mr.Hamilton 
mentions that its bed consists of a thick solid crust of salt, 
and the waters are so extremely salt, that no fish or other 
animal can live in it ; birds dare not touch the water, for their 
wings become instantly stiff with a thick crust of salt.” Not 
less remarkable for the saline qualities of its waters, is Lake 

* Mephitis was the name of a goddess who was invoked by the Bomani 
as their protectress against noxious vapours. 



294 


SEA OF GALILEE. 


Owmia, or Ourumia, called also Lake Shahe^, near Tabriz^ in 
Persia. This lake is about 80 miles in length, and between 
20 and 80 in width; and its waters are so strongly impreg- 
nated with salt, and so much more saline than those of the 
ocean, tliat, whilst 1000 grains of sea water do not contain 
more than 42 grains of saline matter, the same quantity of the 
water of Lake Ourmia contains 223 grmns. Its specific gravity 
is, accordingly, much greater than that of sea water ; and it is 
asserted, that a vessel of 100 tons burden, when loaded, does 
not draw more than from three to four feet, in this sheet of 
water. A strong gale of wind raises the waves only to the 
height of a few feet ; and as soon ^ the storm has passed over, 
the waves almost immediately subside. So buoyant, indeed, is 
the water of this lake, that it is said a man may actually float 
on the surface, without danger of sinking. This extreme salt- 
ness of the waters of this lake, renders it unfit for the 
habitation of fish; but some of the lower orders of animals, 
axQong which are a few molluscs, small Crustacea, and radiated 
animals, find in its saline waters an abode congenial to their 
habits. 

The Sea of Galilee, called ^o the Lake or Sea of Tiberias, 
the^cao/ Chinnerot1i,oxidL theZa^e of Gennesereth, — the modem 
Bahr-eUTahairish, — though by no means so salt as the two 
preceding lakes, may be included among the saline lakes of 
Asia. This lake is supposed to occupy the crater of an extinct 
volcano, and is about Ifi miles in length, whilst its breadth 
varies from 6 to 9 miles. The scenery of this lake is 
described as exceedingly beautiful; it is surrounded by 
mountains, and, like other lakes so situated, is subject to 
audden gusts of wind, which render the navigation unsafe, so 
that it not unfrequently happens that the lives of those who 
cross its waters may be in jeopardy.” It contains abundance 
of excellent fish; and would therefore seem to be a place 
particularly adapted for the abode of fishermen. 

The most remarkable of the salt lakes of Asia, is, however^ 
Lake AsphaltUes, or the Dead Sea, which is designated in 
Holy Writ by the various names of the Salt Sea, the Sea of 
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the Plam, and the East Sea. The Bomans bestowed OT it Ik* 
name of Lake AsphalUtes on account of the abundance of 
asphaltnm which is found on its shores, and also floaU on ita 
surface. It is called by the Arabs Bahr-el-Lut, or the Waters 
of Lot. The length of this lake is about 50 miles, its greatest 
breadth about 25 miles i and it is supposed that at the period 
of the destruction of the guilty cities of the Plain, its extent 
was considerably increased. The country immediately sur- 
rounding the Dead Sea is described as presenting scenery of 
the most dreary and desolate character. On its eastern shores, 
the lake is bounded by a perpendicular wall of black rock, 
casting its sombre shadow on the still waters, whilst on the 
western borders of this gloomy sea, a range of limestone and 
sandstone cliffs extends, assuming the most fantastic and varied 
forms. This lake presents an object of awe and amazement 
to all who visit its shores. Its waters are pungent, salt, and 
bitter; these, as well as the soil on its shores, being so strongly 
impregnated with salt, sulphur, and bitumen, that no plants 
rATi thrive on its banks, no cattle can drink of its waters. 
And hence it is, that this lake assumes that character of total 
desolation, which has obtained for it the name of the Dead 
Sea; hence, that it presents the dreary and fearful aspect^ 
which might be expected to mark a region under the male- 
diction of Heaven. The surface of the Dead Sea is singularly 
still : a circumstance, probably, in great measure attributable 
to the absence of living and moving creatures; but, perhaps, 
also in some degree arising from the great specific gravity of its 
waters, which therefore, as we have seen in the instance of the 
Lake of Ourmia, do not yield so readily to the influence of 
breezes passing over its suriace. 

The wind blows chill across those gloomj waves; 

Oh! bow unlike the green and dancing main! 

The surge is foul, as if it rolled o’er graves: 

Stranger! here lie Uie ciues of the Plain! 

The waters of the Dead Sea contain even more saline 
matter than those of the Lake of Ourmia, being found to con- 
tain no Jess than 384 grains of saline ingredients in 1000 grains 
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of water; and hence it leaves a saline cmst on any snhstance 
with which it comes in contact. The water is, nevertheless, 
perfectly clear, and nearly of the same colour as that of the 
ocean. This remarkable sheet of water is said to contain no 
fish; but, perhaps, this circumstance has not been fully ascer- 
tained; rad that it is not absolutely devoid of all living 
creatures, appears from the fact of a few shells having been 
found on its shores by late travellers. The Dead Sea is situated 
in a remarkable depression, its surface being 600 feet lower 
than that of the Mediterranean Sea. It receives the waters of 
the Jordan, those of the river Amon, and those of the little 
river or brook of Cedron, or Kidron, but has no visible outlet. 
The superfluous waters must, therefore, either be carried oflF by 
evaporation, or be drained from the lake by some unknown 
subterranean channel. 

The vast salt lake, or inland sea, called the Caspian Sea, is 
about 700 miles in length, and its breadth about 210 miles. 
Its depth varies considerably, shallows occurring in some parts, 
whilst in others the depth of water exceeds 600 feet. The Cas- 
pian Sea, like the Dead Sea, is situated in a depression, though 
not of so great amount as the latter, the surface of the Caspian 
being 101 feet below the level of the ocean. This inland sea, 
however, appears to be subject to some fluctuations in the level 
of its surface ; but whether these consist solely in the gradual 
lowering of its waters, or, as asserted by the inhabitants on its 
shores, of a periodical rise and fall, yet remains to be proved. 
The former would perhaps appear more in accordance with 
probability; especially as it has been inferred from various 
careful observations, that, at some remote period, the Caspian 
Sea was of much larger extent, than at the present day. It has, 
indeed, even been supposed, that in some former era, its waters 
were in one direction united with those of the Black Sea, the 
line being still indicated by Lake Elton and some lesser lakes ; 
w'hilst in the other direction the Sea of Aral is supposed to have 
formed part of this vast inland sea, and further, that, by means of 
a continuous series of small lakes which extend nearly from the 
Sea of Aral to the Arctic Sea, a communication may have 
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existed between the Black, the Caspian, and the Arctic Seas. 
The volume of water poured into the Caspian by the Volga, 
and its other numerous affluents, must undoubtedly be very 
considerable ; it has, however, no visible outlet ; and to account 
for the disposal of its superfluous waters, it has been supposed 
that these are carried off by a subterranean channel ; though 
it is asserted by others, that the evaporation from this extensive 
surface, comprising an area of 147)000 square miles, is sufficient 
to account for their disappearance. The northern portion |of 
tills inland sea is annually covered with ice. It is extremely 
salt, and abounds with fish; and also contains several species of 
seals. ^ 

“ Tht Sea ofAral^ like the Caspian, is situated in a depression 
of the earth’s surface, and, like that, is very salt, and also 
abounds with fish, similar to those inhabiting that inland sea. 
Its length is about 200 miles, and its breadth about 100 miles. 

The Lake or Sea of Baikal differs from the Asiatic lakes we 
have been considering, in its waters being perfectly fresh. Its 
length is about 360 miles, and its greatest breadth about 60 ; 
it is singularly variable in its depth, wliich is said in some parts 
to be more than 3000 feet, but suddenly to shoal to 160 feet. 
Its waters are remarkable for their green tint. This lake is 
surrounded by mountains, imparting to it a grand and imposing 
aspect. It is regarded with peculiar reverence by the uncivil- 
ized nations in its vicinity, who confer on it the appellation of 
the Holy Sea. The* waters of Lake Baikal are subject to very 
singular movements, which are supposed to be occasioned by 
earthquakes. Even when the most perfect calm prevails, vessels 
are sometimes so greatly agitated by an apparently subaqueous 
disturbance, that it is difficult to stand in them. The surface 
is indeed rarely without an undulation. This undulation, 
called by the sailors kolychm or zyh, increases on the approach 
of a breeze, this increase taking place about an hour before the 
wind arrives, and the undulation proceeding from the quarter 
whence the wind blows. A moderate breeze violently agitates 
the surface, whilst a storm produces comparatively little effect 
upon it. 
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USmy oiheT lakes of considerable size occur in Central Asia ; 
but we can now only pause to mention the Borax Lakes of 
Tibet. The borax obtained from these lakes is imported into 
Europe in the form of crystals, and under the commercial 
name of tincaL 

The interior of Africa is so little known, that it is impossible 
to give any certain statement relative to its lakes or inland 
seas. One vast lake, or inland sea, it is, however, known to 
possess in the Lake Tchad^ which is the largest fresh-water 
lake in the known world. This extensive sheet of water, 
called by the natives the Bahr el Soudan^ and which forms one 
of the grandest features of the territory of Bomou, is considered 
to be 200 miles in length, by 150 in breadth ; but in the rainy 
season it becomes greatly enlarged, and encroaches considerably 
on its flat shores. 

The celebrated nairm or from lakes of Egypt appear to be 
in great measure dependent for their supplies of water on the 
periodical inundations of the Nile. These lakes are situated in 
a valley forming a portion of the western desert which borders 
on Egypt. They are six in number, and are placed in succes- 
sion ^ong the valley, being separated from each other by barren 
sands; the whole line occupies a length of about sixteen miles, 
though scarcely in any part attaining the width of one mile. 
These lakes arc, as just stated, apparently supplied with water 
from the river Nile, the water flowing into them abundantly, 
and oozing chiefly from the banks adjacent to that river, at the 
period of its rising, but decreasing with the subsidence of its 
waters. The heat of the sun causing the remaining portion of 
water to evaporate, a thick crust of natron, or carbonate of soda, 
is deposited in the bed of the lakes, usually attaining the thick- 
ness of two feet, and being very hard. It therefore would 
appear, that the soil through which the water percolates, must 
be strongly charged with this substance, which by this me^s 
is brought to the surface ready for the use of man. The natron 
thus deposited is collected once a-year, and is used both in 
Egypt and Syria, as also in many parts of Europe, for the 
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maxmfacttire of glass, and likewise for bleaching Unen, and as a 
substitute for soap. The natron or carbonate of soda produced 
by these lakes appears to have been applied to similar purposes, 
at least the two latter, in very remote ages; and the substance 
spoken of by the prophet Jeremiah* as a means of purihca^tion, 
and rendered nitre” in our translation of the Bible, is sup* 
posed to be the natron of these %yptian lakes. The same sidt 
is also supposed to be referred to in the book of Proverbs,, in 
the following passage: ^‘As vinegar upon nitre, so is he that 
angeth songs to a heavy heart ;”t allusion being here evidently 
made to the alkaline nature of the natron or soda, and its 
effervescence with an acid ; an effect which would not be pro* 
duced by nitre. 

Dr. Andrew Smith, in his expedition into the interior of 
Southern AMca, obtained information £rom the natives, which 
would lead to the conclusion of the occurrence of a large fresh* 
water lake, about three weeks’ journey to the north of the 
Tropic of Capricorn. The statements made in regard to this 
lake were vague and unsatisfactory, excepting as to its existence ; 
on this point no discrepancy occurred. The appearances of the 
sheet of water were so naturally detailed by the natives, and the 
form of the boats, and the manner of making them ‘‘ walk,” so 
minutely and clearly detailed, as proved at once that all must 
actually have seen what they thus attempted to describe* 

In the New World, nature appears to have formed all things 
on a grand scale, a remark which applies as well to the lakes of 
America, as to her rivers and mountains. With regard to our 
present subject of inquiry, however, the northern portion of the 
continent claims the pre-eminence over the southern, the latter 
containing no lakes of importance, with the exception of the 
Zajte of Titicaca^ or Puno^ in Peru, remarkable for its elevation 
of 12,000 feet above the level of the sea ; and the Salt Lakes^ 
near the base of the Andes in the basin of La Plata. One of 
the latter lakes, called the Laguna de Salinos^ distant about 450 
miles from Buenos Ayres, is always filled with salt, and for- 
* Jezemiab, iiL f ProTeibt, zxr. dO. 



a chain of minor lakes. Great Slave Lake is about 200 milea 
in length and 100 in breadth. This large sheet of water com- 
municates with Athabasca Lake by Slave River, which is again 
Connected with Lake Winnipeg by a chain of smaller lakes. 
Lake Winnipeg, which is of a winding form, is about 280 miles 
long, and its width varies from 15 to 80 miles. Besides nu- 
merous other important streams, Lake Winnipeg receives the 
river Saskatchawan, one branch of which issues from a lake 
situated among the defiles of the Rocky Mountains, this lake 
being remarkable for forming the source, not only of this river, 
which flows into Lake Winnipeg, and thence into Hudson’s 
Bay, and thus finally into the Atlantic, but also of another 
copious stream, which, being a tributary of the Colombia, 
ultimately finds its way to the Pacific Ocean. 

The most remarkable hydrographical feature of this region 
is, however, presented by the great chain of lakes, which may^ 
be included in the grand water-system of the river St. Lawrence. 
This great line or chain of connected lakes, comprises Lakes 
Superior, Huron, Michigan, Erie, and Ontario, “When 
viewed in connection wdth the river and gulf of St. Lawrence, 
by which their surplus waters are discharged into the Atlantic 
Ocean,” observes Mr. Stevenson, “ideas of magnitude and 
wonder are excited in the mind, which it is impossible to de- 
scribe. But the effects they produce on the commercial and 
domestic economy of the country, are considerations far more 
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important and striking. Wi<h the aid of some short lines of 
canal, formed to overcome the natural obstacles presented to 
navigation by the Falls of Niagara and the Rapids of the St. 
Lawrence, these great lakes are converted into a continuous 
line of water communication, penetrating upwards of 2000 
miles into the remote regions of North America, and aflPording 
an outlet for the produce of a large portion of that continent, 
which, but for these valuable provisions of nature, must, in all 
probability, have remained for ever inaccessible.*’ 

Lake Superior, the largest of these vast sheets of fresh 
water, is, when measured in a somewhat curved line, about 
380 miles in length ; its extreme breadth amounts to IGl miles ; 
and if its sinuosities be followed, its circumference is 1525 
miles. Its average depth varies from 480 to 900 feet ; but in 
some places, its depth is said not to be less than 1200 feet. 
There appears reason to infer that the waters of this, as well os 
of the other Canadian lakes, formerly occupied a much higher 
level than they reach at present ; for, at a considerable dis- 
tance from the shores, parallel lines of rolled (or water- worn) 
fctones and shells, are seen rising one above another, like the 
seats of an ancient amphitheatre. The streams which pour 
their waters into Lake Superior, are several hundred in num- 
ber, even without including those of smaller size, and the 
quantity supplied by these rivers, is many times greater than 
that carried off from the lake by the river of St. Mary, which 
forms its only outlet. The evaporation from this sheet of 
water must therefore be very great, as might indeed be anti- 
cipated, considering the vast extent of its surface. 

The river St. Mary connects Lake Superior with Lake 
Huron, This lake is about 240 miles in length, and from 180 
to 220 in breadth. The outline of Lake Huron is very irregular, 
and its shores are described as consisting of clay cliffs, rolled 
stones, abrupt rocks, and wooded steeps. This lake is crowded 
with islands, which render the navigation dangerous. Lake 
Michigan may be considered as an appendage of Lake Huron, 
with which it is connected by means of the navigable channel 
Michilimackine^^ke Michigan is about 300 miles in length, 
and 75inb5#iK' 
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The connection of Lake Huron with Lake Erie is formed 
by the river St. Clair, which flows into a small lake bearing 
the same name ; and from thence the river Detroit flows into 
Lake Erie. The whole of this connecting channel of the two 
larger lakes is navigable for vessels of all sizes, and the country 
on its borders, is described as a delightful tract, in which vege- 
tation of all kinds, comes to greater perfection tlian in any 
other part of Canada. Lake Erie is about 230 miles in length, 
and its breadth varies from thirty to sixty miles. This lake is 
said to be the only one in the whole Canadian chain in which 
there is any perceptible current, a circumstance which is 
supposed to be attributable to its comparative shallowness; 
its average depth, according to a late survey, having been 
found to be not more than sixty or eighty feet. The current 
in Lake Erie, which runs always in one direction, combined 
with the great prevalence of -westerly winds, and the occurrence 
of numerous sunken reefs and rocky banks, form serious obsta- 
cles to the safe and easy navigation of this lake, to which indeed 
steam boats are far more adapted than sailing vessels, and accord- 
ingly, have been introduced to a great extent. The shallow- 
ness of the water of Lake Erie likewise causes it to be more 
readily and more permanently aflTected by frost, so that its 
navigation is usually obstructed by ice for some weeks every 
winter, whilst that of the other lakes continues open and unim- 
peded. 

The surface of Lake Erie is 330 feet above that of Zaire 
Ontario^ which is the most easterly of the chain, and that lying 
nearest the Atlantic. The surplus waters of Lake Erie are car- 
ried into Lake Ontario by the river Niagara. After the Niagara 
has flowed onwards for 16 miles, it suddenly precipitates itself 
over the rocky ledge which gives rise to the celebrated cataracts 
of that name. The river then passes for 7 miles through a deep 
rocky chasm, to Queenstown, where the limestone ridge ter- 
minates, and from thence through a level country for about 7 
more, when it enters Lake Ontario. The length of Lake 
Ontario is about 172 miles and its breadth nearly 60 miles. 
Its depth is said to be very great, and it is navigable through- 
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out its whole extent for the largest ships of the line, and many 
splendid steamers are now employed in navigating its waters. 
In the years 1813 and 1014 this lake formed the theatre of all 
the great operations of war between the British and the United 
States. Owing to its great depth. Lake Ontario is rarely, if 
ever frozen over, though ice is formed at the sides where the 
water is more shallow, and in the year 1826, the ice at its 
margin was not less than two feet in thickness. The water of 
this lake is remarkably pure and clear ; and it has been stated, 
tliat a white object, measuring a foot square, may be seen at 
the depth of 40 feet below the surface. The Canadian shores 
bordering on Lake Ontario are covered with majestic forests, 
and these tracts, when the noble trees fall beneath the axe of 
the settler, display an exuberantly] rich and luxuriant soil, 
consisting of a deep mould of decayed vegetable matter, admi- 
rably adapted for agricultural and horticultural purposes. 

The lakes of Mexico are of small extent, but are remarkable 
for their elevation above the sea-level, generally exceeding 
7000 feet. These lakes are saline, a circumstance which ma^^ be 
attributed to the nature of the soil in which they are situated, 
which is strongly impregnated with saline matter. 

The Lake of Nicaragua in Guatemala, or Central America, 
forms the most important hydrographical feature of that region. 
This lake is about 123 miles in length, and 60 in breadth, and 
it has in almost all parts a depth of 60 feet. It is connected 
by a navigable channel, 26 miles in length, with a smaller 
sheet of w’-ater, called the Lake of St, Leon^ which may in fact 
almost be regarded as a branch of the lake of Nicaragua, and 
which is 50 miles long, and about 30 broad. Numerous 
affluents pour their watei*s into the lake of Nicaragua, but the 
river San Juan, which fells into the Gulf of Mexico, forms its 
only outlet. 

It is in this portion of the New World that the waters of 
the two great oceans, the Atlantic and Pacific, most nearly 
approach each other, and it has been proposed to construct in 
this part, in connection with the Lake of Nicaragua, a grand 
oceanic canal, forming a navigable channel, and by this means 
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depressed only in Central America, apparently presents an 
insuperable obstacle to such a passage, excepting perhaps, in 
that particular locality, and possibly by means of the lake 
of Nicaragua. Whether the mighty work of connecting the two 
great oceans, by a navigable channel carried across this portion 
of America, and capable of admitting the passage of the largest 
sea-vessels, will ever be effected, remains to be proved ; but it 
appears tliat, though on a very diminutive scale, a water com- 
munication between the Atlantic and the Pacific was actually 
opened so long since as the year 1788, by the spirited exertions 
of a single individual, not however, by means of the Lake of 
Nicaragua, but by a shorter route. In the interior of the pro- 
vince of Choco, (celebrated for its gold mines,) there exists the 
little valley or ravine of Raspadura, which lies between two 
small rivers, one of which is an affluent of the San Juan, and 
consequently flows into the Atlantic, and the other an affluent 
of the river Atrato, w’hich enters the Pacific. At the above 
mentioned period, a very active [priest, who was rector of the 
village of Novita, situated in that immediate locality, caused 
his flock to cut a small canal in the ravine of Raspadura ; and 
this canal being supplied with water by the torrents which 
during the rainy season pour down into the ravine, is at that 
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"period of the year navigable for small boats and canoes. This 
small canal has thus formed a connecting channel between tlie 
Atlantic and the Pacific; and after copious rains^ small canoes 
laden with cacao have actually passed from the one ocean to 
the other, a distance, by this route, of little more than 50 
miles. 


CHAPTER XVIII. 

THE OCEAN, 

Great Ocean, wifli its everlasting voice 

As in perpetual jubilee, proclaims 

The venders of the Almighty — South EV. 

The ocean forms the grand receptacle of all the surplus waters of 
the globe, the basin into which the greater number of rivers 
disembogue their liquid contents; the reservoir where tney 
are held in store, ready to be again drawn off by the process of 
evaporation, when they are again required to perform their 
part in administering to the nourishment and refreshment of 
organized beings, or of effecting changes in the other depart- 
ments of the physical world. 

The area covered by the waters of the ocean is very great. 
In the present state of our knowledge, it is not possible pre- 
cisely to determine its extent ; but, as we have before seen^ 
according to the nearest estimate that can be formed of the 
surface occupied by continents and islands, it is supposed that 
not less than three fourths of the globe are covered by the 
waters of the ocean. This difference in the relative amount 
of land and water is remarkable. But ‘‘ who will venture to 
assert,” observes Dr. Prout, " that the distribution of land and 
sea, as they now exist, though apparently so disproportionate* 
is not actually necessaiy, as the world is at present constituted. 
Let us conceive what would happen from the simple inversiou 
of the quantities of dry land and sea as they now exist. In 
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such a case, there would not he enough of water to preserve 
the surface of the land in a moist state, and the greater part 
would be in the situation of the deserts of Africa, and totally 
unfitted for the habitation of human beings,” 

The ocean consists of one vast continuous fluid mass, which, 
owing to the perfect mobility of its parts among each other, 
and also to its natural gravity, flows into, and occupies the 
great depressions on the earth’s surface, which constitute its 
bed, whilst the attraction of gravitation retains it in this its 
assigned position in the universe. The hydrostatic law of the 
equilibrium of fluids, moreover, causes this liquid mass to 
maintain a general level surface in all parts of the globe*, 
whatever may be the undulations of its bed. And thus it 
appears that, whilst the well adjusted distribution of land and 
water serves to maintain the globe in its present condition, the 
fundamental laws of nature retain the mighty ocean in the 
basin prepared for its reception. The earth is thus ‘‘ covered 
by the deep as with a gaiment;” and tliis, being perpetually 
renewed, never perishes, never exhibits symptoms of decay; 
but apparently retains the same consistency, and possibly the 
same proportion as in ‘‘ remotest eld.” 

No trace of time is left on Uiee, 

Unchanging Bea ! 

Created thus, and still to be ! 

It will be evident that this vast body of waters, foiming as 
it does, an enormous liquid mass, which preserves in all parts 
of the globe a general level surface, is in fact, one mighty 
whole, and that all divisions of the ocean are merely arbitrary. 
That they are of great utility in a geographical point of view, 
there can be no doubt, but in our present review of the world 
of waters, they need not engage our especial attention, parti- 
cularly as we cannot but conclude, that our readers are 


• The partial variations in the level of this vast body of waters, occasion- 
ally observable in deep gulfs, or inland seas, and arising irom currents and 
other local causes, cannot be considered os forming exceptions to the general 
law of the level surface of the ocean. 
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already well acquainted with these nominal divisions of the 
ocean. 

The depth of the ocean is a subject on which very little has 
hitherto been satisfactorily determined. That it varies greatly, 
there can be no question; for wherever its bed has been reached 
by the sounding line, it has presented inequalities similar to 
those occurring on the surface of the dry land. Its mean or 
average depth, is supposed not to exceed the mean height of 
the continents and islands above its level. Generally speaking, 
the greatest depths appear to occur in the broad sea, and the 
more shallow parts in channels and straits, or near islands. 
The mean depth of the sea round the coasts of England has 
been supposed not to exceed 120 feet ; and on those of Scot- 
land to be about 3G0 feet; whilst on the western coasts of 
Ireland it is considered to be about 2000 feet. In the North 
Atlantic Ocean, Mr. Scoresby sounded to the depth of 7200 
feet, without the lead touching the ground ; and in a recent 
expedition sent out by the French Government, soundings 
were made in the Austral or Southern Ocean, at the distance 
of about 300 miles from Cape Horn, when, although 2500 
fathoms of line were let down, the lead did not reach the 
bottom. The liauling in of this line, although carried on by 
sixty sailors, lasted for more than two hours ; and after making 
due allowance for the inclination of the line, it was supposed 
that the lead had descended 14,460 feet, without arriving at 
the floor of the ocean: and consequently, that the depth of 
the sea in that particular locality, must exceed that amount. 
There appears therefore reason to conclude that ‘‘if the sea 
were dried up, its bed would,” to use the words of M. Arago, 
“present vast regions, mighty valleys, immense abysses, as 
much depressed below the general surface of the continents, as 
the principal summits of the Alps are elevated above its level.” 
Experiments of this kind, even though conducted in the most 
skilful manner, cannot, however, be wholly depended on for the 
determination of great depths; because, since the pressure 
from the incumbent mass of waters becomes very great, the 
lead may be drawn out of the perpendicular direction, by cur- 
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rants, of M’liicli it may encounter more than one, flowing in 
different directions. So true it is that though 

Earth ^lier valleys and her mountains, 

Mortal man's behest obey 

The unfathomable fountains 

Scoii' his search, and scorn his sway. 

The sui-face of tlie ocean being generally level, its waters 
are not subject to the same variations of temperature observ- 
able on land, Avhere the temperature usually diminishes with 
the elevation above the sea-level. They appear, however, to 
be in some measure influenced in this respect b^^ the irregula- 
rities of the bed on which they rest ; for, generally speaking, 
the waters of the ocean are found to be colder w-here the water 
is shallow, than where it is of great depth. Thus, on approach- 
ing the shores of Ceylon, Dr. Davey observed a reduction of 
two degrees on coming into soundings; and, in a voyage maae 
not many yeai's since, from England to the Cape of Good Hope, 
the temperature of the surface water was observed to fall 
nine degrees at once, on the vessel’s approaching within a few 
miles of the entrance of Table Bay. Until very lately, indeed, 
this change of temperature had been regarded as so decided 
an indication of shallow w^ater, that it was supposed the 
mariner might rely on it as a means of discerning the vicinity 
of land, or of dangerous banks, or shoals, when traversing 
unknown seas. There appears, however, reason to conclude, 
tliat this is not absolutely to be depended on, as a warning of 
the approach of shallows: for M. Arago mentions, that when 
the French frigate Venus, approached the Archipelago of the 
Marquesas, in August, 1838, the pilot, half blinded by the 
dazzling reflection of the sun from the surface of the ocean, 
discovered, much too late for the apparent safety of the ship, 
a large shoal, situated near one of those islands. The course 
of the vessel could not be altered wnth sufficient speed, and she 
scudded over the borders of the reef, w hen she was shortly 
found to be in no more than six or eight fathoms of water 
wdiereas only a few hours before 200 fathoms of line had not 
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reached the bottom of the sea. And, notwithstanding this great 
variation in the depth of the ocean, from more than 1200 feet 
to only 36 feet, the water had maintained a uniform tempera- 
ture of about 79° Fahrenheit. " This circumstance,” observes 
M. Arago, ‘‘ points out the caution with which generalizations 
of so important a nature should be regarded as established ; at 
least in all cases ; for, though under ordinary circumstances, it 
appears that shallow water is indicated by decreased tempera- 
ture, yet certain conditions may occur, to cause a deviation 
Irom the general rule.” 

The temperature of the deep sea, appears generally to follow 
the mean temperature of the climate in which it is situated, 
but it is much less variable than that of the superincumbent 
air; and the latter is much less subject to variations, than air 
over the surface of laud. Thus, in equatorial regions, the 
difference in the temperature of the air near the surface of the 
sea, by day and night, does not appear to exceed three or four 
degrees; whilst on land it amounts to nine or ten degrees. 
And though the diurnal range of temperature near the surface 
of the ocean, is rather greater in temperate climates, it is by 
no means equal to that on land. Thus, in the parallel of Paris, 
the range of the thermometer, in the air over the ocean’s 
surface, amounts only to five or six degrees, whilst at Paris 
it often amounts to thii’ty or forty degrees. 

In wai-m climates, the temperature of the deep sea dimi- 
nishes with the depth below the surface, TJius, Captain 
Sabine mentions that, according to some experiments made in 
the Caril)bean Sea, tlie temperature at the surface was 83°, 
and only 45° at the depth of 1000 fathoms. This decrease of 
temperature is, however, apparently so dependent on various 
conditions, that in the present state of our knowledge, there 
appears no reason to conclude, that it follows any uniform law:. 
For, it is sometimes found that a decrease of one degree occurs 
at the depth of five fathoms, whilst in other instances, a similar 
decrease occurs only at the depth of 100 fathoms. The maxi- 
mum, or greatest degree of cold, again, sometimes occurs at a 
depth of 100 fathoms, and sometimes at that of 400 or 60Q 
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thorns. In temperate climates, where the surface of the sea 
is less warm, the decrease on descending is not so great; 
because it appears that the temperature of deep water is rarely 
lower than 40^ Fahrenheit. The latter temperature had indeed 
long been considered as the maximum degree of cold attained 
by the deep ocean, but according to some recent observations, 
made on board the French frigate Venus, the temperature in 
some particular localities, both in temperate and intertropical 
regions, has been found as low as 37% 36% and even 35° 
Fahrenheit ; and this at some places, where the thermometer 
at the surface stood at 79° and 80°. This greater degree of 
cold is however supposed to be attributable to submarine cur- 
rents of cold water. 

At about 70** north latitude, a zone exists, at which the 
mean temperature of the ocean is considered to be similar at 
all depths. In the Polar seas on the other hand, the tempera- 
ture is found to augment with the depth ; though the rate of 
increase of temperature, like that of the decrease in warmer 
latitudes, does not appear to be refen-ible to any fixed law, but 
to vary in diflPerent localities. Thus, Mr. Scoresby found an 
increase of six degrees and a half at the depth of 120 fathoms, 
whilst Captain Parry found that the increase of temperature 
at the depth of 240 fathoms did not exceed six degi’ees : and 
again, on another occasion, Mr. Scoresby observed an inci*ease 
of only eight degrees, at the depth of 730 fathoms, whilst 
Captain Beechey found an increase of ten degrees at that of 
TOO fiithoms. 

The waters of the ocean are, as is well known, not pure, 
but hold in solution a variety of saline matter, amongst which 
by far the most abundant is chloride of sodium, or common 
salt, which in general constitutes above two thirds of the whole 
aaline ingredients. Thus according to a recent analysis made 
by Dr. Schweitzer, 1000 grains of sea water taken from the 
British Channel, near Brighton, contained twenty-seven grains 
t>f diloride of sodium, and not much more than eight grains 
of other saline matter; the whole anhydrmis, (or not-wat&y) 
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ingredients, amounting to rather more than thirty-five grains, 
in the 1000 grains of sea- water. The specific gravity at 00*^ 
Fahrenheit, (pure water being l.ooo,) was I.027. The quan- 
tity of saline ingredients contained in sea-water, is howler 
found to vary in different localities. Thus, according to Lenz, 
who accompanied Kotzebue in his voyage round the world, 
the Atlantic Ocean is salter than the Southern Ocean. In the 
Atlantic Ocean, again, the western portion has been found to be 
more salt than the eastern ; whilst no variation in the scdtness 
of the water has been observed in any part of the Pacific Ocean. 
It appears, however, a general rule, that in high northern and 
southern latitudes, the quantity of saline ingredients is less 
than in warmer latitudes; probably owing to the greater 
amount of evaporation in the latter localities. A series 'of 
interesting experiments were made on this subject by the late 
Dr. Marcet, who procured for this purpose above seventy speci- 
mens of sea-water, from different parts of the world, some of 
which were raised from great depths. From these observa- 
tions, Dr. Marcet came to the conclusion, that the sea is not 
salter at greater depths than near the surface; but that it 
generally contains more saline matter, where the water ia 
deepest and most remote from land, probably owing to its not 
being subject to the influx of fresh water carried down into it 
by the rivers which enter the ocean. 

The saltness of the ocean is likewise diminished in the 
vicinity of large masses of ice. Branch or inland seas^ espe- 
cially those occurring in high latitudes, are much less salt than 
the ocean ; their inferior saltness being usually attributable to 
the streams of fresh water which flow into their basin, whether 
.from the drainage of the adjacent coasts, or in the foam of 
rivers of considerable size. Such is the case with the Baltic 
Sea, which, besides the drainage from the surrounding land, 
receives numerous important streams, amongst which is the 
river Neva, the outlet of the surplus waters of the great 
Bussian lakes; and the waters of that sea accordingly are 
found to contain a very small proportion of saline matter, and 
their specific gravity does not exceed l.blfi. 
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The Mediterranean Sea, however, forms an exception to the 
general mle of the inferior saltness of branch or inland seas ; 
the waters of that sea being found to contain rather a larger 
proportion of saline matter, than those of the main ocean. 
Though, perhaps, in part attributable to the wai*mth of the 
climate, and the consequent rapid evaporation, this circumstance 
tdone does not appear sufficient to account for the difference ; 
which is therefore supposed to be due in great measure to the 
peculiar situation of this branch of the ocean, bordered, as it 
is, on the south by the arid and burning shores of Africa, and 
thus exposed to the powerful radiation from those sandy 
plains, and to the parching winds which blow over the adjacent 
desert tracts, and which, crossing this sea, cause an unusual 
amount of evaporation from its surface. It thus would appear 
that the rivers wliicli flow into its basin, do not furnish it with 
a sufficient quantity of fresh water to replace the amount 
carried off by this means. The consequence of this is, that to 
maintain its level, a current ahvays sets in from the Atlantic, 
and thus the Mediterranean Sea is continually receiving sup- 
plies of salt water, and as the process of evaporation proceeds, 
the water becomes sal ter than that of the ocean. According to 
this supposition, however, this sea would gradually increase in 
•saltness, until at length it would be conveited into brine. To 
explain away this difficulty, it is supposed that an under 
cuiTent, of salter, and consequently denser w’ater, flows out at 
•the Straits of Gibraltar, thus carrying off the excess of salt 
di’om these waters into the Atlantic Ocean. In order to verify 
this hypothesis, the late Dr. Wollaston procured specimens of 
the water from this immediate locality, at the depth of 
670 fathoms, when it w^as found to contain four times the 
usual quantity of saline ingredients . ) 

' The saline contents of the ocean are of very gi’eat importance 
in the economy of nature. The purer w'ater is, the more 
rapidly does it pass off in vapour; and it may be questioned 
whether, if the ocean were composed of fresh water, the mass 
uf waters could be maintained in its present condition, owing 
to the greater rapidity with which the process of evaporation 
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would be carried on. And thus, as has been well observed by 
Dr. Prout, “ there is reason to believe that the saline matter 
contained in the ocean contributes in no small degree to the 
stability of the water; and that an ocean of fresh water would 
undergo changes which would probably render it incompatible 
with animal life. The waters of such an ocean might even be 
decomposed, so as seiiously to interfere with the other arrange- 
ments of nature.” 

We liave seen that the saline matter contained in sea 
water affects its specific gravity: this also is not without its 
utility, both in the economy of nature, and also to man. In 
illustration of its importance in the natural world, we may 
remark, that the greater degree of buoyancy thus acquired by 
the water, enables it to bear substances on or near its surface, 
which in fresh water would probably sink to the bottom. 
And it is by this means that hard seeds, such as those of the 
cocoa-nut and pandanus, are home to the newly-formed coral 
islands of the Pacific Ocean, there to perform the important 
office, of colonizing these islands with valuable vegetable pro- 
ductions ; and thus adapting them for the habitation of man. 
It is also owing to the same greater degree of buoyancy pos- 
sessed by the waters of the ocean, that they are better fitted 
for the purposes of navigation, on account of their specific 
gravity being thus greater, in proportion to that of the materials 
used in the construction of ships. 

The saline contents of the sea water of the British Channel, 
according to Dr. Schweitzer, consist of: — 

Grains. 

Water 964.744 

Chloride of Sodium . • 27.060 

Chloride of Potassium . • 0.766 

Chloride of Magnesia • 3.667 

Bromide of Magnesia • • 0.030 

Sulphate of Magnesia. . 2.295 

Sulphate of Lime • • • 1.406 

Carbonate of Lime • . O.oss 


lOOO.ooo 
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Dr. Schweitzer also fonnd a trace of iodine in the sea 
water; but the quantity was very minute, 174 lbs. troy 
weight not containing one grain. *^This,” he observes, ‘*is 
v«py remarkable, when we consider the comparatively large 
quantity of iodine and bromine present in sea plants and 
saaimals; hence we must conclude that these principles are 
concentrated by vital action*.’^ 

The freezing point of water is also affected by its saline 
contents. The freezing point of fresh water is (as is well 
known) 32° Fahrenheit ; that of sea water is 28° or 29°. The 
waters of the ocean, therefore, require a greater degree of cold 
than those of a fresh water lake, to convert them into ice. 
From this circumstance, and from the great depth and extent 
of the ocean, its waters resist freezing more effectually than 
oven running water; and are therefore rarely covered with ice, 
except in latitudes where the cold is exceedingly intense, and 
of very long duration. The beneficial results accruing from 
this natural arrangement are, that the surface of the ocean, that 
important ‘‘highway of nations,” is less liable to be encum- 
bered with ice, and the traffic on its waters to be impeded, than 
would have occurred had other conditions prevailed. 

We thus find that it is only in very high latitudes that ice 
is formed in the open sea. Detached masses of ice, or floating 
icebergs, are, however, occasionally met with in much lower 
parallels of latitude: the extreme limit at which they have 
been obseiwed in the northern hemisphere, being in the 
parallel of 40°; whilst in the southern hemisphere they have 
been met with at different points off the Cape of Good Hope, 
between south latitude 39° and 30°. One of the latter, which 
was two miles in circumference, and 160 feet in height, is 
described as having presented the appearance of white chalk, 
when the sun was obscured, and as having the lustre of 

♦ Some conception may be formed of the pervading influence of the principle 
of iodine, when we learn that Dr. Schweitzer ascertained, from experiment, 
that “ a minute'quantity of iodine in distilled water, equal to no more than 
1,500,000th part of the whole, will he distinctly indicated hy a decided pink 
hue, ^ben mixed with starch, dilute sulphuiic acid, aud chlorine." 
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refined loaf sugar when the sun was shining on it* Others of 
these masses rose from 250 to 300 feet above the level of the 
sea, and must therefore have been of great volume below the 
surface ; it having been ascertained, by experiments made on 
the buoyancy of ice floating on sea water, that for every solid 
foot seen above, there must be at least eight cubic feet 
helow water. 

We have seen that the lowest limit at which icebergs have 
been observed in the northern hemisphere, is the parallel of 
40°; but it will be readily seen that they cannot have been 
formed in that latitude, having in fact been home from the icy 
region of their birth, by currents setting southwards from the 
Polar seas. In north latitude 50°, however, the shallow edges 
of the sea are in many parts covered with ice during the 
winter ; and in the parallel of 00°, we find that the gulfs and 
inland seas frequently have their whole surface frozen over. 
Proceeding towards the North Pole, we find the ice becoming 
more and more abundant, until at length the sea is so covered 
with fields and mountains of ice, that the navigator is checked 
in his onward course. 

The process of congelation commences at the surface of the 
sea, with the formation of slender prismatic crystals, resembling 
wet snow ; this the seamen call sludge. The surface is at first 
rough ; but by the union of the crystals, and the accumulation 
of the sludge^ the surface becomes smooth, and fonns a con-* 
tinned sheet of ice, which, however, ere long is broken by the 
agitation of the water, into fragments of three or four inches 
in diameter. These fragments usually again coalesce into a 
sheet of ice of stronger texture than the preceding, but not 
sufficiently firm to withstand the action of the waves, and 
which, therefore, in its turn is broken into fragments, generally 
of larger size, and called by the seamen pancake ice. When 
these again become united, and the ice attains the tliickness of 
two or three inches, it is termed hay ice; when the thickness 
is about a foot, it is called light ice; and wdien three feet in 
thickness, it is distinguished as heavy ice. Large loosened 
masses or sheets of floating ice, whose boundaries may be readily 
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descried, are called icefloes; and the term ice field is applied to 
a sheet of ice so extensive, that its boundaries cannot he seen 
from a mast-head. To form such a sheet of ice, a long con- 
tinuance of very severe cold is of course required; but, during 
twenty-four hours of keen frost, the ice frequently attains a 
thickness of two or three inches, thus forming what is termed 
hay[ice. When the water is free from agitation, congelation 
proceeds with less interruption, and ice fields are more rapidly 
formed; but so great is the severity of the frost in these 
regions, that the raging billows have not power to arrest its 
progress ; and on one occasion, when Sir Edward Parry was 
sailing in the Arctic Ocean, the cold was so intense that, not- 
withstanding the waters were agitated by a hard gale, ice was 
continually formed in the sea. 

Icebergs^ or ice mountains, are sometimes fonned in the sea 
itself by the accumulation of ice and snow; but more fre- 
quently, perhaps, consist of glaciers which liave been formed 
on the shores, and which being undermined by the sea, or 
intersected by the melting snow flowing through their 
crevices, become detached, and falling into the water, are 
floated out to sea. Icebergs are particularly abundant in 
north latitude G9® or 70°; and they are very numerous in 
Baflin’s Bay, where they are sometimes met with two miles in 
length, and nearly half that 'width. They are also of frequent 
occurrence in Hudson’s Bay. The Rev. Mr. West mentions 
that in his passage through Hudson’s Straits, ‘‘ the progress of 
the vessel was impeded by vast fields of ice and icebergs 
floating past it in every form of desolate magnificence. The 
scene,” he observes, “was truly grand and impressive, 
and mocks imagination to describe. There is a solemn 
and an overwhelming sensation produced in the mind by 
these enormous masses of snow,” continues Mr. West, “not 
to be conveyed in words. They floated by us, from 100 
to 200 feet above the water, and sometimes of great length, 
resembling high mountains with deep valleys between lofty 
clifls, and all the imposing objects in nature, passing in silent 
grandeur, except at intervals, when the fall of one was heard. 
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or the crushing of the ice struck upon the ear like the noise of 
distant thunder.” 

An ice-held, when in motion, coming in contact with 
another moving in a contrary direction, produces a dreadful 
shock. Let the reader picture to himself a body of more than 
ten thousand million of tons in weight meeting with a similar 
body in motion! “No description,” says Sir John Ross, 
“ can convey an idea of a scene of this nature ; and as to the 
pencil, it cannot represent motion, or noise. And to those who 
have not seen a northern ocean in winter— who have not seen 
it, I should say, in a winter’s storm — the term ice, exciting 
Imt the recollection of what they know only at rest, in an 
inland lake or canal, conveys no idea of what it is the fate of 
an Arctic navigator to witness and to feel. But let them re- 
member that ice is a stone, — a floating rock when in the stream, 
a promontory or an island when aground, — not less solid than if 
it were a land of granite. Then let them imagine, if they 
can, these mountains of crystal hurled through a narrow 
strait by a rapid tide ; meeting, as mountains in motion would 
meet, with the noise of thunder ; breaking from each other’s 
precipices huge fragments, or rending each other asunder, till, 
losing their former equilibrium, they fall over headlong, lifting 
the sea around in breakei*s, and whirling it in eddies ; whilst 
the flatter fields of ice forced against these masses, or against 
the rocks, by the wind and the stream, rise out of the sea till 
they fall back on themselves, adding to the indescribable com- 
motion and noise which attend these occurrences.” So violent, 
indeed, are these concussions, that as Captain Scoresby says, 
the strongest ship can no more withstand the contact of two 
ice-fields than a sheet of paper can stop a musket-ball.” 

On the frozt^n deep's repose 

'Tis a dark and dreadful hour. 

When round the ship the ice-fields close, 

To chain her with their power ! 

“ Such is the ice:” and yet, as Sir John Ross further has 
observed, ^‘it is far from being an uumixed evil; and esti- 
mating all our adventures with and among it, I might not be 

Y 
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wrong in saying, that it had been much oftener our friend 
than our enemy. We could not, indeed, command the icebeigs 
to tow us along, to arrange themselves about us so as to give us 
smooth water in the midst of a raging sea ; nor, when we were 
in want of a harbour, to come to our assistance, and surround 
us with piers of ciystal, executing in a few minutes works as 
eflFectualas the breakwaters of Plymouth or Cherbourg; but 
they were commanded by Him who commands all things; and 
they obeyed.** 

The point of congelation of sea water, as we have seen, is 
lower than that of fresh water; but it appears that sea water 
parts with its salt in freezing ; and hence, compact transparent 
ice, formed of sea water, affords nearly fresh water on being 
melted; a circumstance of immense importance to the arctic 
navigator. Being, however, devoid of air, it does not form 
cither a pleasant or quite wholesome beverage, unless aerated 
before use. When sea ice is not compact, the interstices not 
unfrequently contain brine ; and if therefore the whole mass 
be dissolved, the water will be brackish, and unfit to drink. 

The taste of sea water is disagreeable, being both salt and 
bitter, and it is unfit either for culinary purposes, or as a beve- 
rage for man, at least in his civilized state ; for it is said that it 
is used for that purpose by the inhabitants of Easter Island, in 
.the Pacific. Some animals are observed occasionally to travel 
&r to drink sea water; but this would appear rather to be as 
a restorative, than for an ordinary beverage; animals being 
also observed to frequent sulphureous springs, apparently for 
flimilar purposes. 

Sea water appears to be very transparent when undisturbed 
by extraneous causes. In general, it is more transparent as 
we recede from the shore, and also in cold climates than in 
hot. To this there are, however, some exceptions; for the 
water immediately off the Virgin Islands, in the Caribbean 
Sea, is so remarkably clear, that at the depth of eight or nine 
fisithoms, the floor of the ocean is quite discernible, and the 
sea-sponge may be distinctly seen in its natural bed. 
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The changing colours of the sea are familiar to all who 
have visited the shores of the mighty deep 

In colour changing, when from clouds or sun, 

Shades after shades upon the surface run; 

Embrowned and fearful now ; and now serene, 

In limpid blue, or evanescent green. 

These almost perpetually varying hues displayed at the surfisuse 
of the ocean, owe their existence in great measure to the mere 
reflection of the changing skies in the water. Thus, for in- 
stance, an apparently dark inky-coloured sea is usually indicative 
of an approaching storm ; not, however, because the water is 
really blacker than usual, but because it reflects the general 
hue of the atmosphere near the horizon. In some cases, how- 
over, these hues are attributable to local causes ; for the greenish 
tint which usually occurs in shallow water, appears to be owing 
to the yellowish sands in the bed of the ocean, which, mingling 
its hues with the blue tints of the latter, impart this hue to 
the whole mass. But what, then, it may be asked, is the real 
oolour of the ocean? The various particulars connected with 
this subject, which have been collated by M. Arago, will form, 
the best reply to this inquiry. “ Mr. Scoresby (he observes) 
compares the general tint of the Polar Seas to the blue of uUra^ 
marine^ M. Cortez considers the waters of the Mediterranean 
to resemble a perfectly clear solution of the finest indigo; he 
also describes them as of a bright sikg blue. Captain Tuckey 
characterizes the waters of the Atlantic Ocean by the term 
bright azure* It would therefore appear that the colour of the 
ocean, when its waters are unmixed with foreign matter, may 
be considered as sky-blue, of greater or less intensity, according 
to the proportions of reflected light.” The ocean, however, 
does not present this sky-blue colour in all localities, this tint 
being sometimes modified, or even totally changed, in situations 
where the water has little depth ; this variation being depen- 
dent on the nature of the bed of the sea. Thus, as has just 
been observed, a bed of yellow-coloured sand imparts to the 
sea a greenish tint, because the combination of yellow and blue 
form that colour ; and the brilliancy of the green will of course 
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depend on the brightness of the sand. If the bed of the sea be 
red, the tint of the waters may be either purplish or red. 
Thus, the waters of the MediteiTanean Sea in some parts 
occasionally appear of a purple hue ; possibly owing to the red 
coral which occurs in its bed, combined with tlie bright sky- 
blue water. In the Bay of Loango, off the western coast of 
Africa, the waters always present the appearance of being so 
strongly tinged with red, that they might be supposed to be 
mixed with blood. Captain Tuckey, ’however, satisfied him- 
self, that the appearance arose from the intensely red colour of 
the bed of the ocean in that bay. 

The reflection of different hues from the bottom of the sea, 
is not, however, the sole cause of the various colours observed 
in some parts of the ocean ; for it appears that, in many in- 
stances, this arises from the presence of innumerable living 
creatures of minute size. Thus, in the Polar Seas, strongly- 
marked bands, or stripes, of green-coloured water occur, the 
tirit of which is due to the presence of myriads of semi-trans- 
parent inedu88B of a yellowish colour, and wliich, when blended 
with the blue colour of the ocean, produce this green tint. 
The colour of the sea, where these medusse do not occur, is, as 
has just been mentioned, of an ultra-marine blue, and beauti- 
fully transparent ; the green water, on the contrary, has a great 
degree of opacity. When the medusse are very abundant, the 
water is described by Mr. Scoresby as of nearly a grass-green 
colour, wdth a shade of black. The number of the medusap 
in the green water was found to be immense ; Mr. Scoresby 
having calculated that a cubic foot of water would contain 
110,692 individuals. It is in this olive-green water that the 
northern clio, which forms the principal food of the whale, 
is chiefly found ; it is therefore supposed that the medusae are 
preyed on by the clio, itself destined to become the prey of the 
whale. And here accordingly, does the great enemy of the 
latter, — the whale-fisher, — seek for his prize; and thus, the 
whale, whilst pursuing his prey, falls a prey to the rapacity of 
man. 

In other parts, the ocean is of a brown colour, which also 
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appears to be due to the presence of innumerable minute ani- 
mals ; and to a similar cause is attributable the milky- white 
hue which prevails in some localities. The latter was observed 
in a remarkable degree by Captain Tuckey, off Cape Palmas, 
on the coast of Guinea, where the vessel appeared to float in 
milk. On examining the water, this white appearance was 
found to proceed from multitudes of minute animals floating 
on the surface, which concealed the natural hue of the water. 
Off the coast of Brazil, the waters of the sea have been observed 
to present a deep red hue, which is supposed to arise from the 
occurrence of minute molluscous animals, which float in count- 
less myriads in that part of the ocean ; and it is more than pro- 
bable, that the Vermillion Sea, near California, has derived its 
name from a similar cause. 

The phosphorescence, or luminosity of the ocean, is by no 
means an uncommon, though a very remarkable phenomenon. 
The luminous appearances thus exhibited on the surface of 
the sea are very varied. Sometimes a vessel, whilst travcriiing 
the ocean, seems to mark out a track of fire, and (if oars be 
used) each stroke of the oar causes the emission of light, some- 
times brilliant and sparkling, and sometimes tranquil and 
pearly. Sometimes, again, innumerable points glitter over the 
whole surface of the ocean, whilst at other times, a broad sheet 
of light extends in all directions ; and this, perhaps, may then 
suddenly break up into a thousand parts, in which an active 
imagination may conjure up every form and figure. Different 
causes have been assigned for this phenomenon; but it would 
appear, that although it in all probability occasionally originates 
in the phosphorescence of decaying organized substances, dif- 
fused in the waters of the sea, yet the most usual cause of the 
luminosity of the ocean is the presence of vast numbers of 
living creatures, which possess the power of emitting light. 

With regard to the former class of luminous appearances,— 
that produced by the phosphorescence of decaying organized 
* substances, — it is well known that rotten w'ood, some kinds of- 
peat-earth, and also various animal substances, soon after they 
are deprived of life, possess the power of emitting spontaneous 
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light. Such appears to be the case, more especially with most 
marine fishes ; and, according to a series of experiments made 
some years since by Dr. Hulme, chiefly with herrings and 
mackerel, it seems that these flsh not only exhibit this lucid 
appearance themselves, shortly after life is extinct, but that 
they have the power of imparting it to certain solutions in 
which they may be immersed, and that these solutions actually 
retain this power of emitting spontaneous light for some time. 
Thus, Dr. Hulme found that solutions of sea salt, of Epsom 
salt, &c., when impregnated with some of the lucific matter 
scraped from herrings and mackerel, retained the light for 
several days, which was more especially exhibited when the 
phial in which they were contained was agitated. The phe- 
nomena thus displayed are described by Dr. Hulme as not less 
surprising than beautiful; for he was enabled to take light 
from one substance and transfer it to another, so as to render 
the latter most brilliantly luminous. This luminous matter 
was obtained in greatest abundance from fish, shortly after life 
had become extinct, and before putrefaction had commenced. 
These interesting experiments might lead us to conclude, that 
in some instances, the luminous appearances exhibited on the 
surface of the ocean, may arise from the light emitted by marino 
fishes after life has become extinct, and which is probably 
removed by friction from the decaying body of the animal^ 
either by the action of a vessel passing through the water, or 
that of an oar, (to which it may occasionally adhere,) or else by 
the agitation of the waves, which thus becoming impregnated 
with this luminous matter, appear luminous themselves. 

The second class of luminous appearances on the surface of 
the ocean, namely, that produced by living animals, is a yet 
more remarkable phenomenon than the preceding. The power 
of emitting spontaneous light appears to be possessed by several 
inhabitants of the ocean, among which we meet with some 
crustaceous animals, though the greater number belong to the 
radiated animals. The most remarkable of the former is the 
cancer which in some degree resembles a shrimp in 

form. The whole body of this creature sometimes appears 
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illuminated, emitting very brilliant scintillations of white 
light. It is to the cancer fulgens^ and other nearly simil ny 
species of crustaceous animals, that, as we have just seen, 
Captain Tuckey attributed the white hue of the sea in the 
Gulf of Guinea. One species, however, when examined in the 
microscope, presented rather different phenomena from those 
above described, for the luminous property appeared to be c(m* 
fined to the head of the animal; the luminous point, when the 
little creature was at rest, resembled a most brilliant amethyst, 
but when it moved, flashes of bright silvery light darted from 
this spot. Among the other luminous inhabitants of the ocean, 
are the leroe fulgens^ the medma pellucenSy the pyrosoma 
atlantica^ &c. The heroe fulgens is about an inch in length, 
and of a cylindrical form. In some parts of the ocean, this 
animal is met with in myriads, of every hue and shade, from 
the deep green of the emerald, to the purple of the amethyst. 
The medusa pellucens is about five inches in diameter, and the 
flashes of light proceeding from it are said to be so vivid, that 
they dazzle the eye of the spectator. The pgrosoma atkmtka 
is of a cylindrical form, and appears destitute of any organs^ 
with the exception of a very delicate structure resembling 
net-work, which extends over the interior of the cylinder. 
The general hue of the light emitted by the pyrosoma appears 
to be red ; but Feron, who first observed it, speaks of it as 
assuming a great variety of tints, pink, orange, green, and 
azure blue. 

Such being some of the phenomena presented by the various 
bodies, whether living, or after life is extinct, to which the 
luminosity of the ocean seems to be attributable, it will be 
readily supposed, that where these creatures occur in great 
abundance, the appearances they exhibit are sometimes very 
imposing and splendid. The phenomenon is di^layed in greater 
lustre in warm climates, but is by no means confined to those 
regions, being frequently witnes^ off our ewn shores; and 
Professor Trail mentions that he met with luminous animala 
belonging to the genera medusa and beroe, in the North 
Atlantic Ocean, between the thirty- seventh and sixtieth 
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parallels of latitude ; and on one occasion^ so brilliant was the 
luminous appearance of the ocean, that the professor could, by 
this light, distinguish letters in a book, and also discern the 
hour on a watch, although in other situations on the deck of 
the vessel, it was so dark, that the features of the seamen could 
not be distinguished. Wlien the hand was immersed in the 
luminous water, the shining particles were found adhering to 
the fingers, and the water was almost invariably observed to 
contain animals of the genera medusa and beroe. 

M. De Tessan observed in False Bay, at the Cape of Good 
Hope, a remarkable instance of this phenomenon, which ap- 
peared to be due to the presence of an innumerable quantity of 
small, hard, spherical bodies, which were in such abundance, 
that the water was quite thickened by them. On agitating 
the water with the hand, a slight crackling sound was heard, 
as when snow is pressed. Some of this water, when strained 
through a cloth, left half its bulk of these minute creatures. 
The water which had been strained had lost its luminous pro- 
perties, but the remaining animal matter possessed it in a high 
degree. Dr. Buclianan, speaking of this phenomenon as wit- 
nessed off the coast of Africa, states that “ soon after dark in 
the evening, it being nearly calm, we saw numerous lights at 
a distance, like the lamps of a great city. The lights gradu- 
ally approached the frigate, and on reaching us, appeared to 
arise from the circumstance of a great many large fishes in the 
water, which agitated the animalcules, so as to excite their 
luminous powers.” Mr. Bennett’s observations led him to the 
conclusion that there are two kinds of luminous appearances 
presented at the surface of the ocean, the one being produced 
by various species of medusep, whilst the other exhibits no 
indication of the presence of living animals, and which, there- 
fore, may be considered as originating in light emitted from the 
bodies of decaying marine animals. He observed that the 
fonner usually presented the appearance of sheets or trains of 
whitish or greenish light, often sufficiently brilliant to illuminate 
the vessel as it passed through the water; whilst in the latter 
instance, the surface of the sea appeared studded with scin- 
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tillations of light of the most vivid description, more particu- 
larly when the waves were broken by the violence of the wind, 
or by the passage of the vessel through the water. Sometimes 
within the tropics during heavy rains, Mr. Bennett observed 
that the sea would suddenly become luminous, and the light 
would as suddenly pass off again ; the effect of these rapid 
transitions being exceedingly splendid and striking to the 
beholdei's. 

The waters of the ocean are in perpetual movement, from 
the effects of the tideSy as well as of winds and currents. The 
celestial mechanism of the tides, or the solar and lunar attraction 
by which the original impulse is given to the tides, does not 
belong to our present inquiry; but a brief notice of the mode 
in which the mass of waters, when thus set in motion, is trans- 
ferred from one place to another, forms a portion of the natural 
history of the ocean. It appears from the recent researches of Mr. 
Russell, that the attraction of the heavenly bodies raises the vast 
mass of the waters of the ocean to a certain elevation, thus form- 
ing one mighty wave, designated as the great prirmrg wave* 
The waters being thus raised above their ordinary level, are 
immediately impelled, by their natural gravity, again to return 
to their wonted level, and the velocity with which this is effected 
will be dependent on the height to which the mass of waters 
has been raised. This moving mass of water, in obedience to 
the laws of hydrostatic equilibrium, spreads in every possible 
direction, extending round from the spot of its original eleva- 
tion, without oscillating or retrograding, and not only moving 
onwards itself, but imparting motion to every particle of the water 
through which it passes. It is to the arrival on our shores of 
this grand primary wave, that the phenomenon of high water ^ or 
flood tidcy is due ; and when the vast mass of waters is drawn to 
its elevation in the open ocean, the water recedes from the shores, 
and it is then hw water y or what is called ebb tide. This mighty 
tidal wave does not, however, reach our shores until 50 or 60 
hours after its formation, having in the interval moved in 
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every possible direction, and with a velocity varying from 1 0 to 
100 miles an hour. 

The height of the tides at particular places, is, however, 
dependent on local causes, and mainly, on the configuration of 
the land. Thus, in deep bays or inlets, especially when con* 
tracted like a funnel, the convergence of the water causes a 
great increase of the range between high and low water. Thus, 
at Chepstow, the tide rises from 45 to 60 feet; and in the 
Bristol Channel, the tide has been known to rise 70 feet ; but its 
ordinary rise is 83 feet. In the Tliames at the London Docks 
the average range is about 22 feet ; at Portsmouth and Plymouth 
12 feet 6 inches. 

The waves of the sea which are caused by the action of the 
wind,are of a totally diflfierent character from the great tidal wave, 
and have been denominated secondary wanes* There is generally 
much appearance of confusion in an agitated sea, for the waves 
do not seem to be regular, either in their forms, their intervals, 
or their velocities ; but those who have closely observed the 
phenomena of waves, inform us, that in this, as well as in most 
of nature’s performances, method exists even in apparent iire* 
gularity. The wind is continually in a greater or less degree, 
shifting its point ; and every breeze that ripples the sur&ce of 
the waters, gives rise to a series of waves, which move in the 
direction of that breeze. And as breeze succeeds to breeze, 
each perhaps blowing from a slightly difierent point, and form- 
ing fresh series of waves before the former have subsided, the 
waves cross and intersect each other, thus, to the unpractised eye, 
presenting the appearance of a chaos of troubled waters ; though 
by a little patient attention to the phenomena, much of this 
seeming confusion may be dispelled. The largest waves of 
this class are produced by sudden changes of wind ; and the 
ocean is comparatively smooth, in regions where the winds are 
constant, or invariable. Since it is by the friction of the winds, 
^mt the waves of the sea are raised and kept up, whatever 
diminishes this friction, will tend to lessen their height; and 
hence, comparative tranquillity is produced by pouring oil on 
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agitated water. The following remarkable account of the 
stilling of an agitated sea in an analagons manner, is given by 
Daniel Wheeler, a member of the Society of Friends, who 
visited the Sandwich Islands a few years since. “ The sea was 
running in mountainous succession, and some of the loftiest 
waves were nearly prevailing against the little vessel. At this 
critical moment, a collection of a small species of whale, per- 
haps more than 200 in number, was observed close to the ship. 
They served as a breakwater to the little struggling vessel; 
they occupied a considerable portion of the surface of the sea, 
in the exact direction between the vessel and the wind and 
waves, reaching so near us, that some of them might have been 
struck with a harpoon. They swam constancy in steady 
order, as if to maintain a regular phalanx. Not one sea broke 
on board whilst they occupied their useful post.'^ 

The influence of the wind, being exerted entirely at the sur- 
&ce, does not extend to any great depth ; probably not more than 
thirty or forty feet, below which the water suffers no agitation, 
excepting that which arises from the grand tidal wave, and, 
probably, in some parts of the ocean, from submarine currents* 

The water is calm and still below, 

For the winds and the waves are absent there; 

And the sands are as bright as the stars that glow, 

In the motionless fields of the upper air. 

When waves of the class we are now considering, approach 
the shore, or pass over rocks or shoals, they break when they 
reach the point where the depth of the water, is nearly equal 
to the height of the wave above the general level of the water. 
When at a distsmce from the shore, waves are comparatively 
long and low, but as they approach the shallow part of the 
coast, they assume a greater curvature ; and hence the depth 
of the water may be judged of, by the height and form of the 
waves. Where a wave of five feet, for instance, can exist, the 
water will have a depth of at least five foet; and wherever 
breakers are fmrmed on a calm d^, there the depth of the 
water may be etmsidered as being equal to the height of the 
waves above its surface. The utmost elevation of a natural wave 
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according to some authors, does not exceed twelve feet; but 
others estimate the utmost limit at twenty feet; and under some 
circumstances, waves reach a much greater height. 

The heavy swell which occasionally takes place in the north- 
ern coasts of some of the West India Islands, and which is locally 
termed the ground sea, presents some remarkable features* 
The sea, although the air is calm, and there has been no indica- 
tion whatever of a previous gale, rises, rages violently, and then 
subsides. The sea 

Did rise and fall, and then that fearful swell 
Came suddenly, which seamen know so well. 

A heavy ground sea is described as a grand and sublime pheno- 
menon. The sea approaches in undulating masses, which 
usually rise suddenly into large ridges, crested with foam, and 
form billows which hurst upon the beach with the greatest 
impetuosity, attended with loud roarings resembling thunder ; 
the spray being thrown up to the height of more than 100 
feet. Wave follows wave, in quick succession, a short interval, 
however, apparently occurring after every third ivave. The 
sea, for many miles from shore, assumes a peculiar aspect, and 
ts various tints of blue, from the darkest to the lightest shades, 
fonn a striking contrast with the snow-white foam of the 
breakers, when they dash against a hidden rock, or burst upon 
the shore. Tlie north-eastern coast* of Jamaica, St. Domingo, 
and the Bahamas, are subject to the ground sea, but it is of 
most frequent occurrence at .Puerto Rico and the Virgin 
Islands. This phenomenon is supposed to be caused by distant 
pales in the Atlantic, which agitate and as it were push for- 
ward the water in this particular direction, but which do not 
themselves extend to this region. 

Another phenomenon exhibited at the surface of the ocean, 
is that known by the name of ripples. This agitation of the 
sea, is the more remarkable, from its occurring in situations 
where there are no soundings. This phenomenon was wit- 
nessed in the year 1814, by his Majesty’s ship Minden, when 
at some distance from the island of Sumatra; no land, however. 
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being in sight. In this instance, although the weather was 
calm, and the water of great depth, ‘Hhe sea was agitated 
with uncommon fury. Some of the ripples were heard several 
miles off, and advanced towards the ship, boiling and foaming 
in an extraordinary manner. The more violent ones actually 
shook the ship in a considerable degree. Their effect during the 
night, was prodigious and alarming : at first, a low hollow sound 
was heard, like that caused by surf on a distant coast ; it gra- 
dually became louder and louder, — until at length a long foam- 
ing streak was discovered, advancing rapidly towards the ship, 
which it soon surrounded, and all was noise and commotion. 
This lasted for a few minutes, when the ripples moved to the 
north-east ; its sound became fainter and fainter, and it often 
happened that, just 'as one ceased to be heard, another was 
perceived ; and so on, during the night.” The cause of this 
remarkable agitation of the sea, does not seem to be well 
undemtood ; but it has been supposed to originate either in the 
meeting of waves from different oceans, or of cuiTents of wind 
opposing each other ; though neither of these hypotheses offer 
a satisfactory explanation of the phenomenon. 

Currents in the ocean arise from various causes, either occa- 
sional, or constant. They may be caused by a gale of wind ; 
by a difference of temperature in different parts of the ocean ; 
by the melting of the Polar ice ; or by any other cause tending 
to disturb the hydrostatic equilibrium. Among those which 
possess a permanent character, there are two very remarkable 
currents, both of which are chiefly caused by the diurnal rota- 
tion of the earth ; the first being produced by the peipetual 
movement of the waters from the polar regions to the equator ; 
and the second, by the progression of the tropical seas towards 
the equator. In accordance with the laws of mechanics, an 
accumulation of water takes place, in that part of the globe 
which has the greatest velocity of motion, that is, in the equa- 
torial regions ; the consequence of which is, that the waters 
flow from the polar regions tow’ards the equator, and thus 
currents are formed, which continually move in that direction, 
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constituting the polar eurrenU, The second great current^that 
of the progression of the tropical seas in a westerly direction — 
is partly caused by the trade winds, which blow continually 
from east to west, and partly by the mobility of the particles 
of water ; for, with regard to the latter, we find, that when the 
water brought by the polar currents arrives in the equatorial 
regions, the fluid mass does not immediately acquire the degree 
of velocity possessed by the solid land : and, since the rotation 
of the earth is from west to east, the water not moving with 
equal velocity, has an apparent motion from east to west, that 
is to say, apparent, as far as regards the mass of the globe, 
but real, as regards the adjoining land and waters. This 
equatorial current becomes very evident both in the Atlantic 
and Pacific Oceans, between the parallels of 30^ on each side of 
the equator. It has an average velocity of nine or ten miles 
per day in the open sea. 

An extensive system of currents appears to originate in the 
Indian Ocean. A current first passes through the Mozambique 
Channel, and, under the name of the Aiguillas current, sweeps 
round the Cape of Good Hope in a powerful stream, running 
at the rate of from two and a half to four miles an hour, and 
having a breadth of about 100 miles. From the Cape, it flows 
along the western coast of Africa, under the name of the South 
Atlantic Current, It then enters the Bight, or Bay of Benin, 
from whence it is deflected, and unites itself with the equato- 
rial current. Having thus traversed the Atlantic from the 
coast of Guinea to that of Brazil, it divides into two branches, 
this division being apparently caused by the jutting form of 
South America, at Cape St. Roque. The southerly branch 
flows along the eastern coast of South America, and passing 
through the Straits of Magelhaens, enters the Pacific Ocean. 
The northerly branch skirts the shores of Brazil and Guiana, 
where it is increased by the influx of the waters of the Ama- 
xonas and the Orinoco, acquiring accelerated velocity by the 
vast volume of water they pour into the ocean. After passing 
the island of Trinidad, this ^‘oceanic river” expands, and 
enters the Gulf of Mexico. The current sweeping round that 
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inland sea, pours forth from thonoe, forming the most powerful 
of known currents, called the Qulf Stream, Issuing from the 
Mexican gulf, the current rushes through the channel betwe^ 
Cuba and Florida, passing through the Straits of Bahama, with 
a velocity of from three to five miles an hour. It then con- 
tinues its course along the shores of North America^ as far as 
Newfoundland, where it is deflected to the eastward by an 
opposing current, which sets in from Baffin’s Bay. Taking 
an easterly direction, the current passes the Azores, which it 
reaches in about seventy-eight days; and from thence it 
sometimes extends to the Bay of Biscay, and even to the 
western coast of the British Isles. 

The course of the Gulf Stream is traced by its excess of tem- 
perature above that of the surrounding waters of the ocean. In 
the Gulf of Mexico, the waters become heated to a temperature 
about eight degrees higher than that of the ocean in the same 
parallel of latitude, and a large portion of the warmth is 
retained, long after fhe stream has poured its waters into the 
Atlantic. As it proceeds northwards, although its waters 
become cooled, yet it still maintains a higher temperature than 
the colder waters of the ocean in those more northerly lati- 
tudes, so that near Newfoundland, its temperature is also eight 
degrees above that of the adjacent sea, and even after crossing 
the Atlantic and entering the Bay of Biscay, it still retains an 
excess of five degrees above the waters of that part of the ocean. 
And, since it has been observed to arrive off the coast of Europe 
in the winter season, it is supposed that this remarkable cur- 
rent may tend to mitigate the cold of winter, in countries 
situated on the west of Europe. It is even considered probable, 
that the influence of the Gulf Stream extends to the sea near 
Spitzbergen, and that the large glaciers which are formed on 
those islands, are undermined and caused to quit their native 
shores, by the warmer water derived from this source. And, 
whilst the Gulf Stream is thus carrying a supply of warmth 
from the torrid to the frozen zone, the Polar current is taking a 
southerly direction, and conveying a volume of water from the 
arctic to the equatorial regions, probably imparting a low tem- 
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penili^ to Labrador, and tending to cool the waters of the 
tropical We thus perceive that a mutual interchange is 
incessant^ taking place by means of the waters of the ocean, 
betw^n tlia heat'of the torrid zone and the cold of the frigid zone, 
whkm^by this wise adjustment, are made to balance each other. 

The coiii*ses of the currents of the ocean are also traced by 
the vegetable productions which they drift to distant shores. 
Thus, fruits, portions of plants, and timber, the produce of 
tropical America, and of the West Indies, are occasionally 
cast on the shores of western Europe, as also on those of 
Ireland and the Hebrides. And on the other hand, the equa- 
torial current conveys the productions of the Old World to 
the New. Thus, a great quantity of cork shavings, sufficient, 
according to Mr. Schombui^hk, to furnish the inhabitants of 
Anegada with cork to attach to their fishing nets, are washed 
on the shores of that island. And since the cork tree is 
unknown as a native of the New World, but is indigenous in 
the south of Europe, and in Africa, it cannot but be supposed 
that the cork is lifted to that region by the great easterly 
current. 

Some currents of the ocean are very local. Such is the 
perpetual current which sets into the Mediterranean Sea, 
through the Straits of Gibraltar. Such also is the current 
which fiows into the sama sea, from the Euxine or Black Sea. 
And such is the perpetual current which sets out of the Baltic 
Sea into the Northern Ocean. 

Whirlpools appear to be caused by currents encountering 
submarine obstacles, which cause them to whirl round with 
considerable velocity. When the movement is rapid, the 
centre foims the most depressed portion of the whirlpool, and 
objects which are drawn within its reach, are engulfed or 
sucked in, at that point. Several small whirlpools, of sufficient 
power to whirl round boats of moderate size, occur among the 
Orkney Islands. Among the Western Islands, also, a whirl- 
pool of some size occurs, which is called the Whirlpool of 
Cory vrechan ; it is situated in the narrow channel between 
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Scarba and Jura, and is caused by opposing current!*' encoun- 
tering a submarine rock of conical form, which*, rises abruptly 
from the bottom of the ocean, (which here has a depth of 
600 feet,) to within 90 feet of the surface. 

The long-celebrated whirlpool in the Straits of Me^ha, 
Deep Charybdis, gulphing in and out, ^ 
appears to have owed much of the terror with which it lias 
been invested, to the ignorance and inexperience of the 
mariners by whom those seas were navigated in ancient times. 

One of the most remarkable whirlpools in the European 
seas, is the Malstrom, which is situated near the island of 
Moskoe, on the coast of Norway. This whirlpool is caused by 
the flood-tide setting from the south-west amongst the Laffbden 
Isles, which, especially when it meets with a strong gale from 
the north-west, produces a great agitation of the waves, form- 
ing a whirlpool, the roaring of which is heard at the distance 
of many miles. The Malstrom is dangerous to vessels which 
may approach too near its disturbed waters ; and it is said that 
whales and seals, when caught within its eddies, are unable 
to extricate themselves from destruction : 

"Wlien the dire Maelstrom in his craggy jaws, 

Engulfs the Norway waves with hideous sound, 

In vain the black sea monster plies his paws 
Against the eddy that impels him round, 

Racked and convulsed, the ingorging surges roar, 

And iret their frothy wrath, and reel irom shore to shore. 

The waters, like the face of the earth, teem with living 
creatures, and the bed of the ocean is scarcely less beautifully 
clothed wdth submarine vegetation, than the surface of the dry 
land is with verdant herbs and stately trees. Like the land, 
too, it has its hills and dales, and even its desert tracts ; sandy 
plains extending for miles in some parts of the ocean’s bed, 
apparently wholly destitute of vegetable productions. Some 
of the algos* ^ or marine plants, are adapted to flourish only in 

* The Algffi tribe, properly speaking, comprehends not only marine 
plants, or sea-weeds, but also the conptrvWt or those species which are inha- 
bitants of fresh-^vater lakes and streams. 
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flitaaiioiis where they are within the range of the tides, and 
consequently are alternately covered by the waters, and suh- 
jected to the action of the atmosphere ; whilst others inhabit 
the oceanic valleys, thriving at the remarkable depth of 
1000 feet below the surface. The extraordinary size attained 
by some marine plants, in a great degree, however, accounts for 
this ; as an instance of which we may mention the Macro- 
crystis pyrifera, said to vary in length from 600 to 800 feet, 
or more. Marine plants, not being subjected to the same 
vicissitudes of the seasons as land plants, are not liable to 
similar interruptions in their growth ; which accordingly con- 
tinues in winter as well as in summer, and in some species 
proceeds with great rapidity. It is supposed that marine 
plants derive their chief supplies of nourishment, from the 
water that encompasses them, and that, though like land 
plants, many of them have their particular stations, some being 
peculiar to sandstone rocks, others to chalk, &c., they are 
comparatively little dependent on the rocks to which they are 
attached, for aught besides the means of support. We how- 
ever find, that they are provided with roots adapted to their 
peculiar wants. Thus, sea- weeds, which are designed to resist 
the force and agitation of stormy seas, possess roots peculiarly 
fitted to take firm hold of the rocks to which they are affixed, 
and which they grapple by means of extremely tough and 
thick fibres; whilst other species, which present a smaller 
surface to be acted on by the waves, or which are more short- 
lived, are usually attached by a simple shield or disc ; and one 
species of sargassum, appears to be so wholly dependent on the 
water for its support, that it grows whilst floating in the 
water, and never has been found attached to any rock. 

It is only in comparatively modem times that the algae, or 
sea-weeds, appear to have been regarded as possessed of any 
utility; indeed, they are said to have been considered by the 
Homans as so utterly worthless, that anything useless was pro- 
verbially compared to algae. In recent times, however, they 
have been turned to profitable account; and only a few years 
since, the manufacture of kelp from the ashes of burnt sea- 
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weed, chiefly of the yhctw genus, was carried on in Scotland 
and its adjacent isles to so great an extent, that not less than 
20,000 tons, sold at the average price of 10^. per ton, were 
annually made in that district alone. The kelp, which con- 
tains a certain proportion of carbonate of soda, was much em- 
ployed in the manufacture of soap, and of common green bottle 
glass ; but its use is now superseded by a better and cheaper 
preparation of that alkali, obtained from common salt. But 
though the sea wrack may no longer be employed for this pur- 
pose, it is not without its utility, furnishing, as it does, to the 
agriculturist, a highly important manure, both for pasture lands 
and for com, potatoes, turnips, &c. Many sea-weeds also form 
articles of food, and this not only among uncivilized tribes, 
but even in the British Isles themselves. Thus, the Chondrus 
crispus, or Carrageen moss, is extensively used for that purpose 
in Ireland ; and the Laminaria digUata^ or sea- wand, is much 
eaten in Scotland, being cried about the streets of Edinburgh 
under the name of tangle; whilst the TJha latissimay or green 
laver, not only forms a common dish in Scotland, and indeed in 
many parts of the globe, but even sometimes has been admitted 
at the fashionable tables of our great metropolis. Many species 
of sea-weed are soluble in water, forming a jelly or glue, 
applicable to various purposes. Thus, the Carrageen moss is 
both used as size by house-painters, and as a substitute for 
isinglass in making blanc-mange, &c. ; and the Fucus tenaxy 
which is a native of the China seas, is extensively used in the 
Celestial empire as a glue and varnish, especially in the manu- 
facture of their celebrated lanterns, which, as well as many 
other articles foraied of paper, of gauze, or of silk, are varnished 
over with this species of glue. 

The great collections of floating sea- weed are not without their 
utility in the economy of nature, affording food and shelter to 
myriads of fish and mollusca. The most remarkable of these, 
and which indeed may be considered as forming one of the 
leading phenomena of the ocean, is the sea of floating iveed, 
situated to the west of the Azores. This ‘‘ weedy sea” occu- 
pies a zone having an average width of about 120 miles, and 
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and others, again, and this is the most generally received 
opinion, consider the herbaceous sea to be only the recipient of 
vast quantities of floating sea-weed, borne thither by the Gulf 
Stream ; and hence it is frequently' designated as the Gulf weed » 
The Portuguese call it the Sea of sargasso, and the Spaniards, 
the Prairies of sea-weed. 

These large species of fucus appear to have their roots 
affixed to rocks and stones at the bottom of the sea, and rise to 
the surface from the depth of 200 or 300 feet, their gigantic 
fronds also trailing along the surface of the ocean for 40 or 60 
feet. This sea- weed is commonly called “ kelp * * by seamen, that 
which is detached and floating, being called “ drift kelp,” and 
that which is still rooted on the rocks, being distinguished as 
“fixed kelp.” The latter proves in many cases of extreme 
utility to navigators; for, when firmly rooted, it not only 
shows the set of the tide or current, but has the advantage of 
indicating shallow water, and thus of giving warning of 
impending danger. “Wherever there are rocks under the 
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water,” observes Captain King, tbeir situation is, as it were, 
huoyed by a mass of sea-weed (usually called by seamen 
‘kelp*) on the surface of the sea, of larger extent than that 
of the danger below. In many instances, perhaps, it may 
cause unnecessary alarm, since it often grows in deep water ; 
but it should not be entered without its vicinity having been 
sounded, especially if seen in masses with the extremities of 
the stems trailing upon the surface*.’* 

We have already briefly alluded to the hydrostatic appa- 
ratus with which some of the inhabitants of the waters are 
furnished, adapting them to the circumstances in which they 
are placed. Did our limits permit, it would be easy to mul- 
tiply instances, all bearing on the same conclusion. But, 
although we may not at present pause 

To view in compass round 
All that the ocean holdes in his long anues; 

we cannot refrain from briefly directing the attention of the 
reader, to the beautiful adaptation of the form and structure of 
fishes, to the properties of the liquid in which they are destined 
to reside. 

“ In order,” says Dr. Roget, “ tliat the fish may glide 

* Needless alarm may, indeed, in some cases arise from other causes than 
supposed “ fixed kelp," as the following amusing narration shows. A frigate 
was one day running into the Kio de la Plata, and her studding-sails set, 
when the look-out man at the mast-head reported breakers on the bow. The 
captain, believing such a danger could not have escaped the notice of the 
Spaniards, and having a tolerable chart of the river, suspected that it must be 
some floating object, and ordered the ship to be steered directly for it. The 
officers were on the alert; glasses were frequently directed to the spot; and 
all concurred in regarding it as a rock a little above water. Anxious looks 
were directed to the captain, whom they now considered to be running 
unnecessarily into danger; but that officer, though he kept carefully watching 
his approach, altered not his course, and just as the studding-sail boom was 
over tlie supposed fearful rock, the cetaceous monster, (ior such it proved to 
be,) hastily made off, and rising again to blow, finally disappeared. It was 
observed to have an excrescence on its back, covered with shell-fish. The 
sea broke gently on its weather side, and appeared becalmed to leeward. And 
so perfectly did it resemble a rock, there can be little doubt but that it would 
have been inserted among the list oSvigiaSf or warnings oi danger. 
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thioagh the fluid with the least resistance, all its vital organs 
have been collected into a small compass, and the body h%g 
been reduced into the shape of a compact oval, compressed 
laterally, and tapering to a thin edge, both before and behind, 
for the purpose of readily cleaving the water as the fish darts 
forward, and also of obviating the retardation which might 
arise from the reflux of the water collected behind. With a 
view to diminish friction as much as possible, the surface of 
the body has been rendered smooth, and the skin impregnated 
'with oil, which defends it from injurious impressions, and at 
the same time prevents the water from penetrating into its 
substance.” The importance of these provisions will be e'vi- 
dent, when we consider the density of the medium which fishes 
have to traverse ; but so admirably are their frames adapted to 
the conditions in which they are placed, that they seemingly 
dart through the water with as much ease as a bird flies through 
the air, performing long journeys with the utmost rapidity, 
and without apparent fatigue. Thus, according to Dr. Roget, 
‘‘the salmon has been known to travel at the rate of sixteen 
miles an hour, for many days together; and sharks often follow 
ships across the Atlantic, not only outstripping them in their 
swiftest sailing, but playing round them on every side, just as 
if the vessels were at rest.” 


Thus do we find that the world of waters teems with evidences 
of unerring wisdom, directed to the promotion of the most 
beneficial purposes. By the attraction of cohesion, the parti- 
cles of water are held together, so as to form a liquid mass; 
whilst by the process of evaporation, continually in progress, 
this liquid mass is divided into atoms, and thus separated from 
any extraneous matter with which it may have become asso- 
ciated, and which would tend to deteriorate its quality ; being, 
however, ready, when thus purified, to be again united by the 
same attraction of cohesion. By the attraction of gravitation 
exercised by the solid parts of the earth, again, water is held 
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in its place on the terrestrial globe, and by the influence of the 
same law exercised by the heavenly bodies, the great primary 
wave is formed, giving rise to the ebb and flow of the tides. By 
the law of equilateral pressure, water maintains a level surface ; 
whilst, owing to the mobility of its parts among each other, 
it yields to the pressure of winds, or other disturbing causes, 
which prove of the highest utility for its preservation in a 
healthful condition, by the consequent interchange of one 
portion of water with another, and the removal and disso- 
lution of decaying organic matter. We have also seen that 
the saline contents of the ocean appear to conduce to the 
salubrity of this vast mass of waters ; and that the inhabitants 
of the great deep, are remarkably adapted to the medium in 
which they move, and to the station assigned them in the 
universe. Such is a brief recapitulation of some of the 
leading features presented to our admiration in the subject 
which has now engaged our attention. Well then may wo 
exclaim with the Psalmist : ‘‘ They that go down to the sea in 
ships, and occupy their business in great waters ; these men 
see the works of the Lord, and his wonders in the deep.’* 
Well may we say, with Bishop Hall: “0 God, the heart of 
man is too strait to admire enough, even that which he treads 
upon : What shall we say to Thee, the Maker of all these ? 
Or, to use the words of the Russian poet, Derzlxavin : 

In its sublime research, philosophy 
May measure out the ocean-deep — may count 
The sands, or the sun’s rays — but God ! for Thee ! 

There is no weight nor measure . — none can mount 
Up to Thy mysteries. * * # 

» * :ic * 9|( ik 

Thou art, and wert, and shalt be! Glorious ! Great! 

Life-giving, life-sustaining Potentate I 

Thy chains the unmeasured universe surround; 

Upheld by Thee, by Thee inspired with breath ! 

Thou the beginning with the end hast bound, 

And beautifully mingled life with death! 


THE END. 
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Rivers are distinguished by the letter R., Lakes by the letter L., 
and Waterfalls by the letter W. 


Acidulous springs, 105 
Adda, R., 144 
Aden, aqueduct at, 78 
Adige, U., 132 

Adnu, formerly a sea-port, 225 
Affluent springs, 228 
African lakes, 302 
Aiguillas cun-ent, 334 
Air bladder in fishes, 45 
Alga;, 337 

Alps, lakes among the, 289 

waterfalls in the, 244 

Amazonas, R., 39, 260, 269, 272, 281 

drift wood in the, 273 

American canals, 158 

lakes, 303 

* waterfalls, 248 

Amsancto, L., 292 

Andes, quebradas or ravines pf, 234 

snow water of, note, 193 

Anti-infiammablc properties of carbo- 
nate of soda, note, 194 
Apuremas, R., 272 
Aqueducts, 72 
Aral, sea of, 285, 301 
Archimedean screw, 108 
Artesian wells, 91 
Arve, R., 264 

Asbamaeus, fountain of, 1C6 
Ascension, Island of, remarkable 
changes in, 162 

Ashby do la Zouoh, spring at, 192 
Asia Minor, thermal springs in, 211 
Asiatic lakes, 293 

waterfalls, 246 

Asphaltites, L., or Dead Sea, 294 
Atehafalaya, R., 136 
Athabasca, L , 304 
Atlantic Ocean, currents in, 334 
Atmoqihere, an, weight of, term ex- 
plained, 38 

Atmoqiheric water, 18, 160 


Attraction of cohesion, 10 
Attraction of gravitation, 29 
Avemo, L-, 292 
Aysgarth Force, 238 
Azores, springs in, 202, 210 

Back’s Rivkr, 234 

Baden, in Argau, thennalspringsat, 212 

near Vienna, sulphuieous 

springs at, 189 

Bahamas, ground sea near, 332 
Bahr-el-Tabairish, 294 
Baikal, L., 301 
Bakewell, spring at, 207 
Bala, L., 207 

Balken, hot springs in, 212 
Baltic current, 336 
Sea, 315 

Basin-shaped arrangement of strata, 88 
Bath, hot springs at, 212, 215 
Bedford Level, 146 

Beer, importance of using suitable 
water in brewing, 21 
Belper, watermills at, 125 
Bengal, mode of irrigation m, 104 
Bent tube, 61 
Beroe fulgens, 327 
Bithynia, hot springs of, 189 
Bituminous springs, 206 
Bogs, mountain, advantages of irri- 
gating, 108 
Bonnington, W., 240 
Borax lakes, 291, 302 
Bore, 268 

Boring, process of, 91 
Bottle under water, 27 
Bread, importance of using suitable 
water in making, 21 
Breast water-wheel, 121 
Breydon water, 44, 287 
Bridgewater Canal, 150 
Brighton, chalybeate spring at, 180 
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MM^flMrauaipriQfiat, 212 
— ~ ChaiiiMi»riaeoftidMin,a 
Brookt,227 

Bruar, W., 239 


Baofuicyof tea water, 317 

of Lake Ourmia, 294 

Buxton, thennal springs at, 212 


Cadbr Idris, L., 287 
Calcareous springs, 195 
Caledonian Canal, 154 
Canadian canals, 158 

lakes, 304 

Canals, 140 
Canal lock, 142 
Cancer fulgens, 326 
Capliza, baths of, 21 1 
Carbonate of soda, 194 

— ' '■ anti-inflammable properties 

of, noitt 194 

Carbonic acid gas, deleterious effects 
of, 186, 293 

Carlsbad spring, 194, 212, 214 

Carr Dyke, 141 

Carrageen moss, 339 

Cascades, 233 

Caspian Sea, 298 

Cataracts, 233 

Cave of Wethercot, 238 

Central France, hot springs of, 211 

Chain pump, 1 10 

Chalk formation, advantages of , 169 

— formation in London Ba^, na- 
tural outbursts from, 169 

Chalybeate springrs, 187 
Change in temperature of springs, 213 
Charybdis, 337 
Chaudes Alguee, 213, 218 
Cheltenham springs, 191 
Chepstow, rise of tides at, 330 
Cherak-Tcha, calcareous spring at, 201 
Chinese Artesian wells, 99 

canals, 141 

Chinneroth, L., see Galilee 
Chondrus crispus, 339 
Chutes, or rapids, 236 
Circulation of the waters of the globe, 
5, 217 

Clapham Common, retentiT080il<ff,178 
Clepsydra, 59 
Clyde, faUs in the, 240 
Coccaio, or Cauldron, L., 293 
Cohesion, attraction of, 10 
Colmata, or waiping, 149 


Colombia, or Oregon, B., 236 
Colour of theooean, 323 
Combes, 226 
Composition of water, 9 
Compressibility of water, 25 
Conduits, water, 72 
Confluent streams, 228 
Constanz, L., 289 
Cora Linn, W., 240 

Cornwall, mines of, rapidity with 
which rain penetrates into, 168 
Coiyvrechan, whirlpool of, 336 
Corintyn, R., 269 

Culinary purposes, importance of se* 
looting soft or hard water for, 21 
Cultivated land, the retentive nature 
of. 167 

Currents of theooean, 333 

Dahl, R., cataract in, 244 
Danube, R., 234,256 

water mills on the, 120 

Dead Sea, 294 
Deltas, 225, 261 

Demir Kapi, or Iron Gate of the Da- 
nube, 267 

Density, greatest, of water, 11 
Derwent, R., water mills on the, 125 
Derwentwater, L., 287 
Descent of water, 70 
Dew, 18 

Dnieper, R., 232 

D’Oo, L.,291 

Doubs, R..264 

Drains, oonstmetionof, 134 

Dranse, R., 256 

Drift wood in the Amazonas, 273 
Droitwich, salt wrings at, 1^ 

Drome, R., 71 

Dropping wells, 196 

Dukhun, mode of irrigation in, 103 

Durance, R., 264 

Dutch oanals, 142 

Dwina, R., 232 

Eaorb, or Bore, 268 
Eau Brink Cut, 148 
Egyptian canals, 140 

lakes, 302 

Elastic fluids, 24 
Elbe, R., 269 
English canals, 149 

lakes, 287 

■■■■ ■ waterfalls, 237 

Equatorial ourrent, 334 
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Equilibrium of fltdds, 49, 61 
Erie, L., 306 
Esequibo, R., 269 
Essex, Artesian wells in, 97 
Estuaries, 266 

Euphrates, R., irrigation on its 
borders, 107 
European lakes, 289 

2 waterfalls, 244 

Evaporation, 11 
Expansive fluids, 24 

Faults, their effect in arresting the 
flowing of water, 95, 182 
Filtering machines, 68 
Fire engine, 114 

Fish, adaptation of their form and 
structure to the mediiun in which 
they move, 341 
Fishes, air-bladder in, 45 
Fluids, 24 

— . equilibrium of, 49, 61 
Force of running water, 128 
Forces, or waterfalls, 237 
Forcing pump, 112 
Foss Dyke, 141 
French aqueducts, 78 

canals, 144 

Freshets, 274 

Freezing point of sea-water, 318 
Frozen lakes, 291 
Fucus, 339, 340 
Fyers, W., 240 

Galilek, Sea of, 294 

Ganges, R., 71, 268, 274 

Gariep, R., 18 

Gave de Pau, R., 245 

Geneva, L., 263, 290 

Gennesareth, L., 294 

Geysers, 202, 210 

Giggleswick spring, 179 

Gironde, estuary of, 268 

Glomach, W., 240 

Goitre, suppoi^ causes of, not«, 193 

Gravitation, attraction of, 29 

Gravity, specific, 29, 32 

Great Bear L., 304 

.■ I Slave L., 304 

Greek aqueducts, 79 

— canals, Itt 

Ground sea, phenomenon of, 332 

Guiana, Artesian wella in, 97 

Gulf Stream, 335 

weed, 339 


Hampstsau Hkath, porous natnre of 
soil at, 178 
Hardrow Force, 238 
Hard water, 19 

■ — — its uses, 20 

Harrowgate, mineral springs at, 189 
Hebrides, whirlpools near, 336 
Hood’s R., 248 

Horse-diioe waterfalls described, 947 
Hot springs, 201, 206 

in near coqjunotion with 

cold, 210, 213 

Household, or lift-pump, 111 
Hungary, hot springs in, 211 
Huron, L., 305 
Hydraulic machines, 100 

press, 56 

ram, 114 

Hydraulics, 

Hydrography, 160 
Hydrometer, 36 
Hydrostatic paradox, 63 
Hydrostatics, 49 

, IcB, specific gravity of, 14 
i Icebergs, 320 

Inclination, required, in the bed of a 
stream, 128 
Indus, R., 266 

Inland navigation in the British Isles, 
167 

Inland seas, 284 
Intermitting springs, 179 
Internal reservoirs, 64, 86 
Irish canals, 165 

waterfalls, 243 

Irrigation, 103, 107 
Isore, R., 264 
Italian canals, 142 

waterfalls, 246 

Itascu, L., 285 

Jamaica, ground sea off, 332 
Jets d’eau, 86 

Jorullo, change in temperature of 
springs near, 213 
Jumna, R., source of, 220 

Kahtro and Suez, Artesian weUs 
formed between, 96 
Kah hisar, L., 293 
Katrine, L., 288 
Kelp, 338, 340 
Keswick, L., 287 
Killamey, L., 288 
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IRwIa t wi, litiM ^cliit «k> IQO 
Xto4dMr, IfHiBlASiist, 186 
KnmriiQtoiigh, 4rop|4a8-^ 1£6 

KolydMii, or Zfh, 901 
KwtMiaoh, iiMiig ot, 103 
Ximitn* 886 

Laiiooa» L., 880 

Logootts, t the mouth of the Rhone, 

865 

X46tei, 884 

periodic, 886 

Mlt, 886 

Leminarla digitate, 339 
Lend •prings, 177 
Laurloochi, h., 885 
Ley-wril, 179 
Leman, L., 890 
LevelUiig inetronienta, 57 
Life preeenrer, 44 
lift pump, 111 
linoolnehire, fens of, 146 
Lodo, cimal, 142 

- introduced into England, 150 

Lodore, W., 838 
Lomond, L., 287 
London basin, 88 
Louth, Artesian wells at, 97 
Lower course of a river, 259 
Luzern, L., 236 
Lydford cataract, 237 

Macbocrystis pyrifera, 338 
Hadera, R., 273, 281 
M&lstrom, 337 
Hascaret, or bore, 268 
Matina, R., 278 
Matlock, springs at, 212 
Medicinal salt springs, 191 
Mediterranean current, 336 

— Sea, 316 

Medusa pellucens, 327 
Meres, 287 

Metz, aqueduct near, 77 
Mexican lakes, 31)7 

— — waterfalls, 254 

Michigan, L., 305 
Middle course of a river, 255 
Mill Gill Force, 237 
Mineral springs, 184 
Mineralizing springs, 196 
Mississippi, R., 136, 137, 232, 258, 260, 
273, 281 

Missouri, R., 259 
Falls of, 253 


Moira Brine Spring, 198 
Mole, R., 169 

Mont D'Or, hot springs at, 211 
Montmorenol, W., 252 
Mont Perdu, Lake of, 291 
Mortesana, canal of, 144 

Nahrows, 835 

Natron lakes of Egypt, 302 

Nautilus, hydrostatic apparatus of, 4# 

Navigable canals, 140 » 

Neagh, L., 288 

Ness, L., 888 

Neva, R., 84, 289 

New River. 81, 128 

Niagara, R., 306 

W., 251 

Nicaragua, L., 307 
NUe,R., 277 
Nilometer, 277 
Nimes, fountain at, 173 
North American lakes, 304 

waterfalls, 248 

Nun of Arpena, W., 244 

OexAN, 64, 307 

— buoyancy of, 317 

colour of, 323 

currents of, 333 

depth of, 311 

luminosity or phosphorescence 

of, 325 

saline contents of, 314 

temperature of, 312 

Ohio, R., 272 
Ontario, L., 306 
Oregon, R., 236 
Orinoco, R., 257 
Ourmia, L., 294 

Outbursts or springs, natural, from 
the chalk formation in the London 
Basin, 169 

Over-shot water-wheel, 121 

Pabur, R., waterfall near the, 246 
Pademo, canal of, 144 
Palmas Cape, appearance of the Ocean 
off, 325 

Periodic lakes, 286 
Persian wheel, 105 

Petrifying or mineralizing springs, 196 
Petroleum springs, 206 
Phosphorescence of the Ocean, 325 
Piedmont, springs in, 193 
Pipes, 83 
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Pistil>y-Cayne, S39 
Pistil-y-Mawddaoh, 239 
Po, R., 131, 225 
Point Waterfall, 255 
Polar current, 333, 335 
— — - ice, 319 
Pont du Card, 74 
Pororoca, or bore, 269 
l^oule Phoca, W., 234 
Powerscourt, W,, 243 
Primaro, R., absorption of, 132 
Proof spirit, 37 

Puerto Rico, ground sea off, 332 
Puno, L., 303 

Pyrenees, hot springs in, 212, 213 

lakes in, 291 

waterfalls in, 246 

Pyrosoma atlantica, 327 

Qubbradab, 234 

Rapids, 233 

in the Shannon, 243 

llaudalcs, 257 

Ravenna, anciently a sea-port, 225 

Recipient streams, 228 

Reciprocating springs, 179 

Regia, W., 254 

Reno, R., 132 

Reuss, R., 238, 244 

Rhine, R., 135, 256 

Rhone, R., 262 

Rills, 22G 

Rio Negro, spring near, 87 
Ripples, 332 
River-basins, 225 

tableof the principal, 227 

River-systems, 227 
Rivers, 1;18, 222, 255 

absorption of, 133 

changes in the channels of, 130 

comparative length of princi- 
pal, table of, 283 

lower course of, 259 

middle course of, 255 

number of principal, 282 

— BOllTCeS of, 225 

subterranean, 173 

■ upiHjr course of, 233 

water discharged into the 

ocean by, computed amount of, 282 
Rivulets, 227 
Roman aqueducts, 73 

canals, 140 

■■ ■ - — sewers, 134 


Buiaian canals, 145 

lakes, 289 

Sahra, Artesian wells in, 98 

Saline lakes, 286 

Salinos, Laguna de, 303 

Salmon, swiftness of its motion, 342 

San Filippo, baths of, 198 

Sankey Brook Canal, 149 

San Pedro, R., 198 

Sansadarrah, dropping well at, 197 

Santa Cruz, R., 39 

San Vignone, baths of, 197 

Saone, R., 264 

Sargassum, 338 

Sarpe Foss, 244 

Saskatchawan, R., 304 

Schauffhausen, W., 244 

Scotch canals, 154 

lakes, 287 

waterfalls, 239 

Screw of Archimedes, 108 * 

Sea water, analysis of, 317 

- — freezing point of, 318 

specific gravity of , 39 

Seas, inland, 284 
Secondary waves, 330 
Segovia, aqueduct of, 77 
Seiches, 291 

Solcucia Pierea, aqueduct at, 79 
Severn, R., 268 
Sewers, construction of, 134 
Shadoof, 105 
Shannon, R., 156, 270 

rapids in the, 243 

Shark, swiftness of its motion, 342 
Shirawati, W., 247 
Siliceous springs, 201 
Siphon, 66 
Snow water, 18 

effects prod'uced by its 

use as a beverage, note, 193 
Soft water, 19 

— its economical uses, 19, 21 

Sorgue, R., 173, 226 

Souterazis of the Turks, 79 
South Atlantic current, 334 
Specific gravities of various substances, 
table cd, 47 

Spocifio gravity, meaning of the term, 

32 

■ water the standard of , 

33 

Springs, 85, 159 
acidulous, 185 
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land, 177 

nMdioinal aOt, in 

mineral, 181 

mineraliaiiigerpefattijfiatftas ' 
' petroleum, SOS 

ledpioerttny, 179 

aaline, 180 

rilla8OUB,901 

eolplmreoue, 189 

— thermal, SOI, 906 

— hotandoold innearooajuno- 

tlon. 910. 913 

— origin of, 161. 180 

phenomena of, 85 

— iempwature of, ohangea in, 

913 

I, n— ■ temperature of, permanency 
oflnaomecaae8,914 
Staubbach. W.. 244 
St. Bemard'a Well, 189 
St Domingo, ground aea off, 339 
Si. Michael’a, aprings in, 209, 210 
Strudel and Wirbel. 256 
St Wiuifred’a Well, 170 
Subterranean reaerroira, 88 

— ... — rivera, 173 
Superior, L.,305 
Swediab canala, 145 

waterfall8,844 

Syphon, »ee Siphon 

Tainca, oonatrucUon of, 50 
Tay, L., 288 
Tch^f L., 309 
Teea,W..230 

Tmnperature of aprtaga, 907 

cfaangea of in aomo, 213 

- permanency of in acme, 

914 

Tequendama, W., 254 
Tlitfnea,lt,288, 270 
____ ba^dn of the, 88, 230 

jiBc of tidea in, 330 

Thermal aprings, 201 , 206 

waters, their application to 

economical purposes, 218 
Thlew-ee'Choh, R., 234 
Thornton Force, 238 


Tiboias, L., 294 

Tibet, borax hdcea of, 309 

Tiena del Fucgo, waterfalla of, 254 

Timber, apeciflo grarUy of, 40 

Titioaoa, L., 303 

TivoU, W., 246 

Toma, L., 289 

T<mbridge Wells, iquings id;, 186, 188 
Tours, fountain at, 175 gi 

Trent, R., 141,268 

water of , poaaeaaea peouliar pro* 

pertlea, 21 

Tributary streama, 228 
Tuscany, borax lakes of, 291 
Tybum.London formerly aupj^ied with 
water from, 81 

tTcAVALi, B., 272 
Ullswater, L., 287 
Ulvalatiadma, 338 
Undershot water-wheel, 119 

Yapovr, 3, 5 

Yaucluse, fountain of Petrarch at, 170 
Yandaise, 290 
YeUno, W., 246 

Venezuela, change of temperature of 
firings in, 214 
Yermillion Sea, 325 
Yeasela, construction of, 40 
Yinagr^, R., 187 

Virgin Islands, cleamew of water near, 
322 

ground sea off, 332 

Volga, R., 232, 274 

Warping, oroolmata, 149 
Water, anomalous properties of, 13 

circulation of, 6, 217 

compressibility of, 25 

constitution of, 9 

— —decomposition of, 9 

elasticity of, 25 

equal pressure of, 49 

finds its level, 61 

flowing of, ^ 0 , 126 

forms tbe standard of q«cific 

gravity, 33 

liquid nature of, 24 

. ■ . ■ - maximum density of, 11 

mobility of, 9 

natural descent of, 70 

permanency of, 7 

- rapid discharge of, 84 

spouting of, 67 
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Wftter, fttmoapherlo, 18 

hard, 19 

I rain, 18 

— spring, 19 

. soft, 19 

subterranean sheets of, 88 

three forms of, 3 

I supply required for the metro- 

»polis,82 

*Water-oarrier8, 80, 100 
Water conduits, 72, 81 
Water-logged boat, 43 
Water-ram, 114 
Water-shed, 225 
Water-wheels, 118 
WaterfaU Point, 255 
WaterfaUs, 233 

Wave, great primary, or tidfiJ, 329 
Waves, height of, 332 
' secondary, 330 


Weedy Sea, see Gulf weed 
Welsh waterfalls, 239 
Weldi lakes, 287 
Wetheroot, cave of, W., 238 
Whirlpools, 336 
Whitfield Gill Force, 237 
WUberforce Falls, 248 
Windermere, L., 287 
Winnipeg, L., 304 
1 Witham, R., 141, 149 
Wye, R., 268 

Xiaou, R., 261 

Yano-tsb-Kiano, R., 271 
Yare, R., 267 
Yokulsa, R., 227 

ZiozAO clefts, 234 
ZirkniU, L., 286 
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feet Six inches long. Ten Parcels of Ten Sheets each, (Nos. I. to X. ; 
XI. to XX. ; XXI. to XXX., &c.) price 7«. U. per Parcel. 


IV. 

SINGING TABLETS FOR ELEMENTARY SCHOOLS. 

Price, Sheets, 10a.; Mounted on Millboard, 25a. ; in Box, complete, 30a. 


A GRAMMAR OF VOCAL MUSIC 

For the Use of Public Schools and Classes of Adults. Koyal Octavo, 
7a., bound. 

The Oramnar of Vocal livsic is, in its plan and general details, the same work 
as the ManwH of Wilhkm’s Method of Teaching Singing; but the words of 
the Songs are for the most part different, and more particularly fitted 
for the use of Adult Classes; considerable additions also have been made 
both to the theoretical and practical portions. 


VI, 

ILLUSTRATIONS TO HULLAHS VOCAL 
GRAMMAR. 

(Size, three feet eight by two feet six.) The set of Thirty, Price £2. 
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SELECT BOOKS FOB FAMILIES. 


With F&oitTisrwci, from a Drswiag by Sir A. W, CaLLCoTT, R.A., 3t, 

THE LITTLE BRACKEN BURNERS, A Talk; and 
LITTLE MARY’S FOUR SATURDAYS. 

By LADY CALLCOTT, Author of Little Jrthur’i Hittmy ofEnglani. 
Two Volumes, Foolscap Octavo, 

THE CARDINAL VIRTUES, 

Or Morals and Manners connected. 

By HARRIETTE CAMPBELL* Author of The Only Daughter, 


Second Edition, with a Hundred Wood-Cuts, 3s 6(f., bound and gilt* 

FABLES AND MORAL MAXIMS IN PROSE 
AND VERSE. 

SELECTED BY ANNE PARKER. 


With Wood-Cuta. U. Bd, 

FABLES AND CLASSICAL SKETCHES. 

By a CLERGYMAN. 

Second Edition* 3.9. 6d.. 

POPULAR POEMS. 

SELECTED BY ELIZABETH PARKER. 


Ornamentally printed* bound and gilt, 3s. 6d.* 

NATIONAL PROVERBS IN THE PRINCIPAL 
LANGUAGES OF EUROPE. 

By CAROLINE WARD. 


With numerous Engravings* 49., 

* MANNERS AND CUSTOMS MENTIONED IN 
HOLY SCRIPTURE, 

Illustrated by Extracts from the Works of Travxllebs. 


Two handsome Pocket Volumes, bound and gilt, Sr. 

GEMS OF SACRED LITERAT.URE; 

Or, Choice Pieces from the Works of celebrated Writers, from 1600 to 1840; 
with Select Passages from the Earlv Fathers, and an Introductory* 
Essay on Sacred Literature. 

Uniformly with the above. Two Vols., 8«., 

GEMS OF SACRED POETRY; 

A Collection of Beautiful Poems from the Works of British Writers 
between 1540 and 1840. 





SELECT BOOKS FOB FAHILllS. 


Fooltcap Octavo, fid,* 


THE CIVIL HISTORY OF THE JEWS, 

From Joshua to Adrian ; with incidental Notices of Manners and Customs, 
Geography and Antiquities. 

By the Rev. O. COCKAYNE, M.A., of King’s College. London. 


Third Edition, enlarged, is, 6d., 

•READINGS in ENGLISH PROSE LITERATURE, 

Containing choice Specimens of the Works of the best English Writers, 
From Lord Bacon to the Present Time. 

With Essays on the Progress of English Literature. 

Fourth Edition, enlarged, 4 j. 6d., 

•READINGS IN BIOGRAPHY ; 

A Selection of the Lives of Eminent Men of all Nations. 


Fifth Edition, enlarged, 4£. 6d. 

•READINGS IN POETRY; 

StMe ction from the Works of the best English Poets, from Spenser to 
the present times ; with Specimens of the American Poets ; 
Notices of the Writers; and Explanatory Notes. 


Foolscap Octavo, is,, 

READINGS IN NATURAL THEOLOGY ; 

Oi, the Testimony of Nature to the Being, Perfections, and Government 
of God. 


Third Edition, revised and enlarged, with many Engravings, Price 5s., 


•READINGS IN SCIENCE; 

Being familiar EXPLANATIONS of some of the most interesting 
Appearances and Principles in NATURAL PHILOSOPHY. 


New Editions, enlarged, lOs. 6d. each Volume, 

THE STUDENTS MANUAL OF ANCIENT 
HISTORY ; 

Political History, Geographical Position, Social State, Wars and Conquests 
of the Principal Nations of Antiquity. 

THE STUDENT’S MANUAL OF MODERN 
HISTORY ; 

Rise and Progress of European Nations — Political History and Social Con- 
ditiun— Colonies — General Progress of Civilization. 

By W. C. TAYLOR, LL.D. 



SBLECT BOOKS FOK FjLMILIES. 


Tenth Edition, 3t. ed, 

WOMAN’S MISSION. 

Third Edition, 3s. 

LIGHT IN DARKNESS ; 

Or, U»e RECORDS of a VILLAGE RECTORY. 

This ViiiLAOB. — T hb Retired Tradesman.—The Good Aunt.— 
Village Schoolmaster. — The Village Apothecary.— The 
Deserted Wife.— The Family at the Hall. 

Post 8 VO., 7s. 6d., 

LETTERS OF EMINENT PERSONS; 

Selected and Illustrated, with Biographical Notices. 

By the Rev. R. A. WILLMOTT. B.A.. Trinity College. Cambridge. 

Two Volumes, with Portraits, price As.Bd. each. 

♦LIVES OF ENGLISH SACRED POETS; 

With an Int&oductobv Sketch of Early Sacked Poetry and Poets 
By the Rev. R. A. WILLMOTT. B.A., Trinity College. Cambridge. 

Fourth Edition, 4s.. 

THE EARLY CHRISTIANS ; 

Their MANNERS and CUSTOMS. TRIALS and SUFFERINGS. 
By the Rev, W. PRIDDEN. M.A. 

Four Volumes, with Portraits. New Edition, 4s. 6d. each. 

* LIVES OF EMINENT CHRISTIANS; 

By the Rev. R. B. HONE, M.A., Vicar of Hales Owen. 

VoL. I. Usher, — Hammond, — Evelyn, — ^Wilson. 

VoL. II. Bernard Gilpin, — Philip De Mornay, — Bishop Bedell, 
Doctor Hornbck. 

VoL. III. Bishop Ridley, — Bishop Hall,— Hon. Robert Boylk. 
VoL. IV. John bRADroBD, — Archbishop Gkindal, — Judge Hale. 

In Three Volumes, 6s, 6d. each 

^THE FAMILY HISTORY OF ENGLAND. 

By the Rev. GEORGE R. GLEIG, M.A. ; 

WITH A SERIES OF PICTORIAL ILLUSTRATIONS. 
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8BLKCT BOOKS FOR , FAMILIES. 


With Illnstratioiu, S>. td., gilt, 

WHAT IS A VOLTAIC BATTERY ? 

By Miss R. M. ZORNLIN. 

With many Illuatrationa* is. 6d., 

RECREATIONS IN ASTRONOMY, 

With a Gloisary. 

By Rev. LEWIS TOMLINSON, M.A. 

Slecond Edition, with Illustrations, is. 6d., 

RECREATIONS IN GEOLOGY. 

With a Preliminary Discourse ou the Nature and Advantages of Geology, 
and a Glossary. 

Also, with numerous Illustrations, 6i., 

RECREATIONS IN PHYSICAL GEOGRAPHY; 

Or. THE EARTH AS IT IS. 

By Miss R. M. ZORNLIN. 

With numerous Illustrations, 4s. 6d., 

RECREATIONS IN CHEMISTRY. 

By THOMAS GRIFFITHS. 

Chemical Lecturer at St. Bartholomew’s Hospital. 

Second Edition, with Engravings, 2i. 6d., 

• MINERALS AND METALS ; 

Their Natural History and Uses in the Arts; with incidental Acoounts of 
MINES and MINING. 

Third Edition, Two Volumes, with Engravings, 7*«, 

*A FAMILIAR HISTORY OF BIRDS; 

Their Nature, Habits, and Instincts. 

By the Right Rev E. STANLEY, D.D., Lord Bishop of Norwich. 

With many Wood>Cuts, handsomely hound and gilt, 3s. 6d, each'Volume, 

•DOMESTICATED ANIMALS. 

Considered with reference to Civilization and the Arts. Fifth Edition. 

II. 

•WILD ANIMALS; 

Their Nature, Habits, and Instincts; with Incidental Notices of the Regions 
they inhabit. Second Edition. 

III. 

•THE ANIMAL AND VEGETABLE PRODUC- 
TIONS OF AMERICA. 

By MARY ROBERTS. 
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SELECT BOOKS FOB FAMILIES. 


Five Volumes, at 6t,td. each, 

ORIGINAL FAMILY SERMONS: 

Bv upwards of ONB HUNDRED and FIFTY DIVINES of tho 
ESTABLISHED CHURCH. 

New Edition* with a Set of Maps* 7<*f 

BIBLE NARRATIVE ; 

Chronologically arranged, in the words of the autnorised Version, continued 
by an Historical Account of the Jewish Nation : and forming 
one Consecutive History from the Creation of the 
World to the Termination of the Jewish Polity. 

Dedicated, hg permission, to the Lord Bishop of Winchester. 

By MISS R. M. ZORNLIN. 

Foolscap Octavo, 4s. 6d., 

BIBLE BIOGRAPHY ; 

Or* Histones of the Lives and Conduct of the Princmal Characters of the 
Old and New Testament. By EDWARD FARR. 

Third Edition, 3s. 6d., 

THE YOUNG LADY’S FRIEND; 

A MANUAL of PRACTICAL ADVICE and INSTRUCTION to 
YOUNG FEMALES, on their entering upon the DUTIES of LIFE 
after quitting School. By a LADY, 

Sixth Edition, Two Volumes, with Engravings, 5t. 6d., 

♦CONVERSATIONS OF A FATHER WITH HIS 

CHILDREN. 

Third Edition, Two Volumes, with Engravings, 7s.* 

TALES AND STORIES FROM HISTORY. 

By AGNES STRICKLAND. 

Third Edition, 3s. 6d., 

FIRST SUNDAYS AT CHURCH ; 

Or, Familiar Conversations on the Morning and Evening Services. 

By the Rev. J. E. RIDDLE, M.A. 

New Edition, with many Cuts, 3s. 6d., 

SANDFORD AND MERTON. 

Adapted to the Use of Young Persons of the present day. 

By MISS ZORNLIN. 

Second Edition, 2s. 6d., 

THE HOUSE I LIVE IN ; 

Or, Popular Illustrations of the Structure and Functions of the Human Body. 
Edited by T. C. GIRTIN. 

** I am fearfully and wondei^ully made I* 
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SELECT BOOKS FOR FAMILIES. 


Uniform with the Hible CrrLOP.?iDiA, 7*. 6if > 

BIBLE MAPS. 

A Seriesof New and Accurate Maps, accompanied bv Explanatory Menniirs, 
and forming a complete Historical and Desciiptivc 
Scripture Geography. 

By WILLIAM HUGHES, F.R.G.S. 

Price 3*. 6d., 

TRAVELLING SKETCHES in EGYPT and SINAI ; 

Including a Visit to Mount Horeb, and other localities of the Exodus; 
Translated, Corrected, and Abridged from the French of ALEX AND EH 
DUMAS. By a BIBLICAL STUDENT. 


Eighth Edition, 35 .with Engravings, ^ 

►THt^EE WEEKS in PALESTINE and LEBANON. 

By an ENGLISH CLERGYMAN. 


With Engiavings. 2?. 6d., 

HUMBOLDTS TRAVELS and DISCOVERIES in 

SOUTH AMEKICA. 


Second Edition, with Engravings, 2s. 6rf., 

THE LIFE, VOYAGES, AND DISCOVERIES OF 
CAPTAIN COOK; 

With an Account of PITCAIRN’S ISLAND and the MUTINY of the 
BOUNTY. 


Second Edition, 25. 6d., 

CHRISTOPHER COLUMBUS, 

and his discovery of the new world 


Second Edition, with Engravings, 25. Sd., 

MUNGO PARK, HIS LIFE AND TRAVELS, 

With the Account of his Death, from the Journal of Isaaco. the 
substance of later Discovenes relative to his Fate, and the 
Termination of the Niger. 


* * Those Books to which an asterisk is prefixed are among the works published 
* by the Committee of General Literature and Education appointed 
by the Society for Promoting Christian Knowledge. 


London; JOHN W. PARKER, Publishbr, West Strand. 




